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Applicant, ELAN Pharmaceuticals, Inc., represents that it is the Assignee of the 
entire interest in and to United States Patent No. 5,795,864 granted to Gary Arthur 
Amstutz, Stephen Scott Bowersox, Kishorchandra Gohil, Peter Isadore Adriaenssens 
and Ramasharma Kristipati on the 18th day of August, 1998, for Stable Omega 
Conopetide Formulations by virtue of an assignment from the inventors to Neurex 
Corporation, recorded in the U.S. Patent and Trademark Office at Reel 7575, Frame 
0234 on June 27, 1995, and from Neurex Corporation to ELAN Pharmaceuticals, Inc. 
recorded at Reel 9689, Frame 0776 on January 4, 1 999. By the Power of Attorney 
enclosed herein (Attachment A), Applicant appoints several individual attorneys, 
including Charles E. Van Horn, as attorneys for ELAN Phamnaceuticals, Inc. with regard 



Sir: 



APPLICATION FOR EXTENSION OF PATENT 
TERM UNDER 35 U.S.C. S 156 



83/62/2805 TDEYll 86888883 5795864 



01 FC:1457 



1128.88 OP 



Cys-Lys-Gly-Lys-Gly-Ala-Lys-Cys-Ser-Arg-Leu-Met-Tyr-Asp-Cys-Cys-Thr-GIy-Ser-Cys-Arg-Ser-Gly-Lys-Cys-a^ 
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PRIALT® is formulated as a sterile, preservative-free, isotonic solution that 
contains ziconotide acetate with L-methionine and sodium chloride as excipients. 

(2) The approved product was subject to regulatory review under the Federal 
Food, Drug and Cosmetic Act Section 505. 

(3) The approved product PRIALT® received permission for commercial 
marketing or use under Section 505 of the Federal Food, Drug and Cosmetic Act on 
December 28, 2004. A copy of the approval letter for NDA 21-060 is attached 
(Attachment B). 

(4) The active ingredient in PRIALT® is ziconotide which, on information and 
belief, has not been approved for commercial marketing or use under Section 505 of 
the Federal Food, Drug and Cosmetic Act prior to the approval of NDA 21-060 by the 
Food and Drug Administration on December 28, 2004. A copy of the package insert 
describing the approved product is attached (Attachment C). 

(5) This application for extension of patent term under 35 U.S.C. § 156 is 
being submitted within the permitted 60-day period pursuant to 37 C.F.R. § 1.720(f), 
said period will expire on February 25, 2005. 

(6) The complete identification of the patent for which a term extension is 
being sought is as follows: 
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Inventors: Gary Arthur Amstutz, Stephen Scott Bowersox. 

Kishorchandra Gohil. Peter Isadore Adriaenssens, 

Ramasharma Kristipati 
Patent No.: 5,795,864 
Filing Date: June 27, 1995 
Issue Date: August 18, 1998 
Expiration Date: June 27, 2015 

(7) A true copy of the patent is attached (Attachment D). 

(8) No reexamination certificate or certificate of correction has been issued on 
this patent. A copy of a record of maintenance fee payments under 35 U.S.C. § 41(b) 
is attached (Attachment E). 

(9) U.S. Patent No. 5,795,864 claims a formulation comprising the active 
ingredient ziconotide (an omega conopeptide) in PRIALT®, The applicable patent 
claims are claims 1 , 2 and 4 that are directed to a formulation that contains the active 
ingredient. The following description demonstrates the manner in which at least one 
claim reads on the approved product. 

Claim 1 reads as follows: A stable omega conopeptide formulation comprising 
an omega conopeptide and an anti-oxidant composition capable of preventing 
methionine oxidation. 

Ziconotide, the active ingredient in PRIALT®, is an omega conopeptide. 
Ziconotide is described, for example, as SEQ ID N0:1 (MVIIA/SNX-1 1 1) at col. 3, line 
17 of the '864 patent. PRIALT® contains L-methionine as an anti-oxidant. 
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(10) The relevant dates and infornnation pursuant to 35 U.S.C. § 156(g) to 
enable the Secretary of Health and Human Services to detemnine the applicable 
regulatory review period are as follows: 

Investigational New Drug Application (IND 45718) for PRIALT® was received by 
the FDA on July 5, 1994 and became effective on August 4, 1994. 

New Dnjg Application for PRIALT® (NDA 21-060) was submitted on December 
28, 1999. 

New Drug Application for PRIALT® was approved on December 28. 2004. 
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(11) A brief description of the significant activities undertaken by the marketing 
applicant during the applicable regulatory review period with respect to PRIALT® and 
the dates applicable to these significant activities are set forth in a chronology of events 
in Attachment F. 
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(12)(i) Applicant is of the opinion that U.S. Patent No. 5,795,864 is eligible for 
extension of the patent term under 35 U.S.C. § 156 because it satisfies all requirements 
for such extension as follows: 

(a) 35 U.S.C. § 156(a) - U.S. Patent No. 5.795,864 claims a 
formulation containing the active ingredient (an omega conopeptide) in PRIALT®. 

(b) 35 U.S.C. § 1 56(a)(1 ) - U.S. Patent No. 5,795,864 has not expired 
before submission of this application. 

(c) 35 U.S.C. § 1 56(a)(2) - The term of U.S. Patent No. 5,795.864 has 
never been extended under 35 U.S.C. § 156(e)(1). 

(d) 35 U.S.C. § 156(a)(3) - The application for patent term extension is 
submitted by the owner of record of the patent in accordance with the requirements of 
paragraphs (1 ) through (4) of 35 U.S.C. § 1 56(d) and the rules of the Patent and 
Trademark Office. 

(e) 35 U.S.C. § 1 56(a)(4) - The product PRIALT® has been subjected 
to a regulatory review period before its commercial marketing or use. 

(f) 35 U.S.C. § 1 56(a)(5)(A) - The commercial marketing or use of the 
product PRIALT® after the regulatory review period is the first permitted commercial 
marketing or use under the provision of the Federal Food, Drug and Cosmetic Act (i.e.. 
Section 505) under which such regulatory review period occurred. 

(g) 35 U.S.C. § 1 56(c)(4) - No other patent has been extended for the 
same regulatory review period for the product PRIALT®. 
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(12)(ii) Applicant respectfully submits that the length of the extension of patent 
term for U.S. Patent No. 5.795,864 is 3.36 years (1228 days) pursuant to 35 U.S.C. 
§ 156(c). The length of the extension was determined pursuant to 37 C.F.R. § 1 .775 as 
follows: 

(a) The regulatory review period under 35 U.S.C. § 156(g)(1)(B) began 
on August 4, 1994 and ended December 28, 2004, which is a total of 3801 days, which 
is the sum of (1 ) and (2) below: 

(1 ) The period of review under 35 U.S.C. § 1 56(g)(1 )(B)(i), the 
"Testing Period," began on August 4, 1994 and ended on December 28, 1999, which is 
1973 days; and 

(2) The period of review under 35 U.S.C. § 156(g)(1)(B)(ii), the 
"Approval Period," began on December 28, 1999, and ended on December 28, 2004, 
which is a total of 1828 days. 

(b) The regulatory review period upon which the period of extension is 
calculated is the entire regulatory review period as determined in subparagraph 12(ii)(a) 
above (3801) less: 

(1 ) The number of days in the regulatory review period which 
were on or before the date on which the patent issued (August 18, 1998) which is 1475 
days; and 

(2) The number of days during which applicant did not act with 
due diligence, which is zero (0) days; and 

(3) One-half the number of days determined in subparagraph 
(1 2)(ii)(a)(1 ) above afte'r the patent issued (one-halt of 498) which is 249 days; 
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(c) The number of days as determined in subparagraph (12)(ii)(b) 
(2077 days) when added to the original term of the patent (June 27, 2015) would result 
in the date of March 4. 2021 . 

(d) Fourteen (14) years when added to the date of the NDA approval 
(December 28. 2004) would result in the date of December 28, 2018; 

(e) The earlier date as determined in subparagraphs (12)(ii)(c) and 
(12)(ii)(d) is December 28. 2018; 

(f) Since U.S. Patent No. 5,795.864 issued after September 24. 1984, 
the period of extension may not exceed five years from the original expiration date of 
June 27, 2015. Five years when added to the original expiration date of the patent 
would result in the date of June 27. 2020. 

(g) The earlier date as determined by subparagraphs (12)(ii)(e) and 
(12)(ii)(f) is December 28, 2018. 

(1 3) Applicant acknowledges a duty to disclose to the Director of the United 
States Patent and Trademark Office and the Secretary of Health and Human Services 
any information which is material to the determination of entitlement to the extension 
sought. 

(14) The prescribed fee for receiving and acting upon this application is 
attached as a check in the amount of $1 .120.00. The Director is authorized to charge 
any additional fees required by this application to Deposit Account No. 06-0916. 
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to this application for extension of the tenn of U.S. Patent No. 5,795,864 and to transact 
all business in the U.S. Patent and Tradennark Office in connection therewith. 

Notice Regarding Multiple Applications 

Applicant has filed another application for term extension (U.S. Patent No. 
5,364,842) based on the regulatory review period for the product PRIALT®. Applicant 
will make an election of only one patent in accordance with 37 C.F.R. § 1.785(b) upon 
receipt of a notice of final determination in these applications from the Patent and 
Trademark Office. 

Information Reguired Under 37 C.F.R. § 1.740 

Applicant hereby submits this application for extension of the patent term under 
35 U.S.C. § 156 by providing the following information required by the rules 
promulgated by the U.S. Patent and Trademark Office (37 C.F.R. § 1 .740). For the 
convenience of the Patent and Trademark Office, the information contained in this 
application will be presented in a format which follows the requirements of Section 
1 .740 of Title 37 of the Code of Federal Regulations. 

(1 ) The approved product PRIALT® contains ziconotide, a synthetic 
equivalent of a naturally occurring conopeptide found in the piscivorous marine snail, 
Conus magus. Ziconotide is a 25 amino acid, polybasic peptide containing three 
disulfide bridges with a molecular weight of 2639 daltons and a molecular formula of 
C102H172N36O32S7. The amino acid sequence and disulfide bridging pattern are given 
below: 
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(15) All correspondence and inquiries may be directed to the undersigned, 



whose address, telephone number and fax number are as follows: 
Charles E. Van Horn 

Finnegan, Henderson, Farabow, Garrett & Dunner, L.L.P. 
901 New York Avenue. N.W. 
Washington. D.C. 20001-4413 
Phone: 202-408-4072 
Fax: 202-408-4400 

(16) Enclosed is a certification that the application for extension of patent term 
under 35 U.S.C. § 156 including its attachments and supporting papers is being 
submitted as one original and two (2) copies thereof (Attachment G). 



Date: February 22, 2005 
Attachments: 

Power of Attorney (Attachment A) 

Approval Letter (Attachment B) 

Package Insert for PRIALT® (Attachment C) 

U.S. Patent No. 5.795,864 (Attachment D) 

Maintenance Fees Paid (Attachment E) 

Chronology of Regulatory Review Period (Attachment F) 

Certification of Copies of Application Papers (Attachment G) 



Respectfully submitted, 



FINNEGAN. HENDERSON. FARABOW, 
GARRETT & DUNNER. L.L.P, 




Charles E. Van Horn 
Reg. No. 40,266 
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PATENT 

Attorney Docket No. 8576.0068 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent No. 5,795,864 ) 

Issued: August 18, 1998 ) 

To: Gary Arthur Amstutz, Stephen Scott Bowersox, ) 
Kishorchandra Gohil, Peter Isadore Adriaenssens, ) 
Ramasharma Kristipati ) 

Assignee: ELAN Pharmaceuticals, Inc. ) 

For: STABLE OMEGA CONOPETIDE FORMULATIONS ) 

ATTN: MAIL STOP PATENT EXT. Attachment A 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

POWER OF ATTORNEY BY ASSIGNEE 

The undersigned, a representative authorized to sign on behalf of the assignee 
owning all of the interest in this patent, verifies that ELAN Pharmaceuticals, Inc. is the 
assignee of the entire right, title, and interest in U.S. Patent No. 5,795,864 (the '864 
patent) by virtue of an assignment from the inventors to Neurex Corporation, recorded 
in the U.S. Patent and Trademark Office at Reel 7575, Frame 0234 on June 27, 1995, 
and from Neurex Corporation to ELAN Pharmaceuticals, Inc. recorded at Reel 9689, 
Frame 0776 on January 4, 1999. To the best of the undersigned's knowledge and 
belief, title to the '864 patent is in the assignee. 

The undersigned hereby grants power of attorney to 

Charles E. Van Horn, Reg. No. 40,266 



James B. Monroe, Reg. No. 33,971 

Leslie Boley, Reg. No. 41,490 

Nina Ashton, Reg. No. 37,273 

Mark Hoch, Reg. No. 35,195 

Carl Battle, Reg. No. 30,731 

Richard Hake, Reg. No. 37,343 
both jointly and separately as attorneys with full power of substitution and revocation to 
prosecute the application for patent term extension of the '864 patent and to transact all 
business in the Patent and Trademark Office connected therewith. 

Please send all future correspondence concerning this application for patent term 
extension to Finnegan, Henderson, Farabow, Garrett & Dunner, L.L.P. at the following 
address: 



Finnegan, Henderson, Farabow, 
Garrett & Dunner, L.LP. 
901 New York Avenue, N.W. 
Washington, D.C. 20001-4413 



Dated 





Assignee: ELAN PHARMACEUTICALS. INC. 



Attachment B 

Ji^ DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 

Food and Drug Administration 
Rockville, MD 20857 



NDA 21-060 



Elan Pharmaceuticals 
7475 Lusk Boulevard 
San Diego, C A 92121 

Attention: Mark Brunswick, PhD 

Director, Regulatory Affairs 

Dear Dr. Brunswick 

Please refer to your new drug application (NDA) dated December 28, 1999, received 
December 28, 1999, submitted under section 505(b) of the Federal Food, Drug, and Cosmetic Act for 
Prialt (ziconotide intrathecal infusion), 25 mcg/mL in 20 mL fill vials, and 100 mcg/mL in 1,2, and 5 
mL fill vials. 

We acknowledge receipt of your presubmission dated October 29, 1999, and your submissions dated 
January 12, March 10, 22 (2), and 31, April 6, 7, 12, 14, 17, 20, 24, 27, and 28, May 1,11, 19, 22 (2), 
and 26, June 23, July 13, 19, and 24, August 7, September 15, 20 (2), and 29, October 13 (2), 
November 29, and December 28, 2000, and January 26, February 9, 20, and 28, March 13, 20, 23, and 
29, April 9, 20, 26, and 27 (2), May 24, and June 1, 13, 19, 21, 25, and 26, July 1 1 (3) and 17, August 
3 and 16, September 17, October 31, November 2, 20, and 29, and December 21, 2001, January 25, 
March 8, October 7 and 8, and December 3, 2002, January 27 and 31, February 1 1 and 20, April 3 and 
28, May 2, July 25, August 12, and September 8 and 23, 2003, and January 6 and 16, June 25, August 
16, October 20 (2) and 26(2), November 1 and 22, and December 2, 6, 8, 9, 14 (2), 20 (2), and 27, 
2004. 

Your submission of June 25, 2004, constituted a complete response to our July 25, 2001, action letter. 

This new drug application provides for the use of Prialt (ziconotide intrathecal) for the management of 
severe chronic pain in patients for whom intrathecal (IT) therapy is warranted and who are intolerant of 
or refractory to other treatment, such as systemic analgesics, adjunctive therapies, or IT morphine. 

We have completed our review of this application, as amended and it is approved effective on the date 
of this letter, for use as recommended in the agreed-upon labeling text. 

The final printed labeling (FPL) must be identical to the text for the package insert, immediate 
container and carton labels submitted December 27, 2004. Marketing the product(s) with FPL that is 
not identical to the approved labeling text may render the product misbranded and an unapproved new 
drug: " - - 
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Please submit an electronic version of the FPL according to the guidances for industry titled Providing 
Regulatory Submissions in Electronic Format -NDA and Providing Regulatory Submissions in 
Electronic Format-Content of Labeling. Alternatively, except for the content of labeling, which must 
be submitted electronically in PDF format, you may submit 20 paper copies of the FPL as soon as it is 
available but no more than 30 days after it is printed. Individually mount 15 of the copies on heavy- 
weight paper or similar material. For administrative purposes, designate this submission "FPL for 
approved NDA 21-060." Approval of this submission by FDA is not required before the labeling is 
used. 

All applications for new active ingredients, new dosage forms, new indications, new routes of 
administration, and new dosing regimens are required to contain an assessment of the safety and 
effectiveness of the product in pediatric patients unless this requirement is waived or deferred. We are 
deferring submission of your pediatric studies for ages 0-16 years until December 28, 2009. 

Your deferred pediatric studies required under section 2 of the Pediatric Research Equity Act (PREA) 
are considered required postmarketing study commitments. The status of this postmarketing study shall 
be reported annually according to 21 CFR 314.81. This commitment is listed below. 

1 . Deferred pediatric study under PREA for the management of severe chronic pain in patients for 
whom intrathecal (IT) therapy is warranted and who are intolerant of or reft-actory to other 
treatment, such as systemic analgesics, adjunctive therapies, or IT morphine in pediatric patients 
ages 0-16 years. 

Final Report Submission: December 28, 2009 

Submit final study reports to this NDA. For administrative purposes, all submissions related to 
this/these pediatric postmarketing study commitment(s) must be clearly designated "Required 
Pediatric Study Commitments". 

In addition, submit three copies of the introductory promotional materials that you propose to use for 
this product. Submit all proposed materials in draft or mock-up form, not final print. Send one copy to 
this division and two copies of both the promotional materials and the package insert directly to: 

Division of Drug Marketing, Advertising, 
and Communications, HFD-42 
Food and Drug Administration 
5600 Fishers Lane 
Rockville, MD 20857 

Please submit one market package of the drug product when it is available. 

We have not completed validation of the regulatory methods. However, we expect your continued 
cooperation to resolve any problems that may be identified. 

We remind you that you must comply with reporting requirements for an approved NDA (21 CFR 
314.80 and 314.81). 
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The Med Watch- to- Manufacturer Program provides manufacturers with copies of serious adverse event 
reports that are received directly by the FDA. New molecular entities and important new biologies 
qualify for inclusion for three years after approval. Your firm is eligible to receive copies of reports for 
this product. To participate in the program, please see the enrollment instructions and program 
description details at w . fda . go v/med watc h/report/m m p . h tm . 

If you have any questions, call Sara Stradley, Regulatory Project Manager at (301) 827-7430. 



Sincerely, 

{See appended electronic signature page} 

Robert J. Meyer, MD 
Director 

Office of Drug Evaluation II 

Center for Drug Evaluation and Research 

Food and Drug Administration 



Enclosure 



Attachment C 



Elan Pharmaceuticals, Inc. 



PRIALT (ziconotide intrathecal infusion) 

For use only in the Medtronic SynchroMed® EL, SynchroMed® II Infusion 
System and Simms Deltec Cadd Micro® External Microinfusion Device and 
Catheter 



WARNING: 

Severe psychiatric symptoms and neurological impairment may occur 
during treatment with PRIALT. Patients with a pre-existing history of 
psychosis should not be treated with PRIALT. All patients should be 
monitored frequently for evidence of cognitive impairment, hallucinations, 
or changes in mood or consciousness. PRIALT therapy can be interrupted 
or discontinued abruptly without evidence of withdrawal effects in the 
event of serious neurological or psychiatric signs or symptoms. 



DESCRIPTION 

PRIALT^ contains ziconotide, a synthetic equivalent of a naturally occurring 
conopeptide found in the piscivorous marine snail, Conus magus. Ziconotide is a 
25 amino acid, polybasic peptide containing three disulfide bridges with a 
molecular weight of 2639 daltons and a molecular formula of C102H172N36O32S7. 
The amino acid sequence and disulfide bridging pattern are given below: 



Cys-Lys-Gly-Lys-Giy-Ala-Lys-Cys-Ser-Arg-Leu-Met-Tyr-Asp-Cvs-Cys-Thr-Gly-Ser-Cvs-Arg-^ 



Ziconotide is a hydrophilic molecule that is freely soluble in water and is 
practically insoluble in methyl t-butyl ether. 

PRIALT is formulated as a sterile, preservative-free, isotonic solution for 
intrathecal (IT) administration using an appropriate microinfusion device (See 
Dosage and Administration). Each 1, 2, or 5 mL vial of PRIALT (100 mcg/mL) 
respectively contains 100, 200, or 500 meg of ziconotide acetate, and the 20 mL 
vial of PRIALT (25 mcg/mL) contains 500 meg of ziconotide acetate, with 



V23DEC2004 



Page 1 



Elan Pharmaceuticals, Inc. 

L-methionine and sodium chloride as excipients at pH 4.0-5.0. Each vial is 
intended for single use only, either undiluted or after dilution to the appropriate 
concentration with 0.9% Sodium Chloride Injection, USP (preservative free). 

CLINICAL PHARMACOLOGY 
Pharmacodynamics 
Mechanism of Action 

Ziconotide binds to N-type calcium channels located on the primary nociceptive 
(A-5 and C) afferent nerves in the superficial layers (Rexed laminae I and 11) of 
the dorsal horn in the spinal cord. Although the mechanism of action of 
ziconotide has not been established in humans, results in animals suggest that 
its binding blocks N-type calcium channels, which leads to a blockade of 
excitatory neurotransmitter release in the primary afferent nerve terminals and 
antinociception. 

Interaction with opioids 

Ziconotide does not bind to opioid receptors and its pharmacological effects are 
not blocked by opioid antagonists. In animal models, IT ziconotide potentiated 
opioid-induced reduction in gastro-intestinal (Gl) motility, but did not potentiate 
morphine-induced respiratory depression. In rats receiving IT ziconotide, 
additive analgesic effects were observed with concurrent administration of 
morphine, baclofen, or clonidine. Concurrent administration of IT ziconotide and 
morphine did not prevent the development of morphine tolerance in rats. 

PHARMACOKINETICS 

The cerebrospinal fluid (CSF) pharmacokinetics (PK) of ziconotide have been 
studied after one-hour IT infusions of 1-10 meg of PRIALT to patients with 
chronic pain. The plasma PK following intravenous (IV) infusion (0.3-10 
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Elan Pharmaceuticals, Inc. 



mcg/kg/day) have also been studied. Both IT and IV data are shown below 
(Table 1). 



Table 1 : PRIALT PK Parameters 
(Mean ± SD) 



Route 


Fluid 


N 


CL (mL/min) 


Vd (mL) 


T1/2e,im(hr) 


IT 


CSF 


23 


0.38 ± 0.56 


155 ±263 


4.6 ± 0.9 


IV 


Plasma 


21 


270 ± 44 


30460 ± 6366 


1.3 ±0.3 



Following one-hour IT administration of 1 - 10 meg of PRIALT, both total 
exposure (AUG; range: 83.6 - 608 ng h/mL) and peak exposure (Cmax; range: 
16.4 - 132 ng/mL) values in the CSF were variable and dose-dependent, but 
appeared approximately dose-proportional. During 5 or 6 days of continuous IT 
infusions of PRIALT at infusion rates ranging from 0.1-7.0 mog/hr in patients with 
chronic pain, plasma ziconotide levels could not be quantified in 56% of patients 
using an assay with a lower limit of detection of approximately 0.04 ng/mL. 
Predictably, patients requiring higher IT infusion dose rates were more likely to 
have quantifiable ziconotide levels in plasma. Plasma ziconotide levels, when 
detectable, remain constant after many months of IT PRIALT infusion in patients 
followed for up to 9 months. 

Distribution 

Ziconotide is about 50% bound to human plasma proteins. The mean CSF 
volume of distribution (Vd) of ziconotide following IT administration approximates 
the estimated total CSF volume (140 mL). 

Metabolism 

Ziconotide is cleaved by endopeptidases and exopeptidases at multiple sites on 
the peptide. Following passage from the CSF into the systemic circulation during 
continuous IT administration, ziconotide is expected to be susceptible to 
proteolytic cleavage by various ubiquitous peptidases/proteases present in most 
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Elan Pharmaceuticals, Inc. 

organs (e.g., kidney, liver, lung muscle, etc.), and thus readily degraded to 
peptide fragments and their individual constituent free amino acids. Human and 
animal CSF and blood exhibit minimal hydrolytic activity toward ziconotide in 
vitro. The biological activity of the various expected proteolytic degradation 
products of ziconotide has not been assessed. 

Elimination 

Minimal amounts of ziconotide (<1%) were recovered in human urine following IV 
infusion. The terminal half-life of ziconotide in CSF after an IT administration was 
around 4.6 hours (range 2.9-6.5 hours). Mean CSF clearance (CL) of ziconotide 
approximates adult human CSF turnover rate (0.3-0.4 mUmin). 

Special populations 

No formal studies were conducted to assess the effect of demographic factors 
(age. race, gender, and weight), renal or hepatic dysfunction, or to assess the 
effect of concomitant drugs on the pharmacokinetics of ziconotide due to the low 
systemic exposure of ziconotide following IT administration. 

CLINICAL TRIALS 

The safety and efficacy of IT PRIALT in the management of severe chronic pain 
were studied in three double-blind, placebo-controlled, multicenter studies in a 
total of 457 patients (268 PRIALT, 189 placebo) using two different titration 
schedules. The slow titration schedule tested dose increases 2-3 times per week 
with a maximum dose of 19.2 meg/day (0.8 mcg/hr) at 21 days. The fast titration 
schedule used daily increases up to a maximum dose of 57.6 meg/day 
(2.4 mcg/hr) in 5-6 days. The safety in chronic use was studied in four additional 
open-label, long-term studies in 977 patients. 

A randomized, double-blind, placebo-controlled study was conducted at 39 
centers to evaluate the efficacy of IT PRIALT administered using a slow titration 
schedule in 220 patients with severe chronic pain. Patients were randomized 1:1 



V23DEC2004 



Page 4 



Elan Pharmaceuticals, Inc. 



between PRIALT (112 patients) and placebo (108 patients). At baseline, 97% of 
these patients reported that their pain was refractory to treatment including IT 
morphine, IT bupivacaine (an off-label use for this drug) and/or IT clonidine (an 
off-label use for this drug) in addition to their systemic analgesics and adjunctive 
therapy. All IT medications were discontinued over a one to three week period 
and patients were maintained on a stable regimen of non-IT analgesics including 
opiates, for at least 7 days prior to randomization. This period was successfully 
completed by 93% of the patients screened. Dosing with PRIALT was started at 
2.4 meg/day (0.1 mcg/hr) and the dose could be increased by 2.4 meg/day (0.1 
mcg/hr) two to three times/week (minimum titration interval 24 hours) to a 
maximum dose of 19.2 meg/day (0.8 mcg/hr). The final mean dose at the end of 
the trial at 21 days was 6.9 meg/day (0.29 mcg/hr). 

Using a 100 mm Visual Analog Scale of Pain Intensity (VASPI) where 
100 mm = worst possible pain, mean baseline pain scores were 81 in both the 
PRIALT and placebo groups. The primary efficacy variable was the mean 
percent change in the VASPI score from baseline to day 21 . In the intent-to-treat 
(ITT) efficacy analysis, there was a statistically significant difference between 
groups in the mean percent change in VASPI score from baseline with the 
PRIALT group having a 12% mean improvement at Week 3 compared to a 5% 
mean improvement in the placebo group (p=0.04). The 95% confidence interval 
for the treatment difference (PRIALT - placebo) was 0.4%, 13%, 

The effect of IT PRIALT on pain was variable over the time period of treatment 
for some patients. Some patients had a reduction in VASPI in the first or second 
week, but did not maintain pain relief by the end of the third week. Other patients, 
who did not exhibit a reduction in VASPI early in treatment, did have a reduction 
in VASPI by the third week. 

Patients exhibited various degrees of improvement in pain after three weeks of 
treatment compared with baseline pain assessment. Figure 1 depicts the fraction 
of patients by their degree of improvement. TheTigure is cumulative, so that 
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patients whose change from baseline is, for example, 30%, are also included at 
every level of improvement below 30%. Patients who did not have a VASPI 
score recorded at Week 3 (Study days 17-23, inclusive) were assigned 0% 
improvement. The improvement in the proportion of "responders," defined as 
having a =30% improvement from baseline in VASPI, was 16% in the PRIALT 
group compared to 12% in the placebo group, for a net difference of 4%. The 
use of non IT opioids decreased by 24% in the PRIALT group and by 17% in the 
placebo group. 
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Figure 1: Patients Achieving Various Levels of Pain Relief From Baseline to 
Weeks 




□ Ziconotide 
S Placebo 



Percent Improvement in Pain from Baseline 



INDICATIONS AND USAGE 

PRIALT (ziconotide intrathecal infusion) is indicated for the management of 
severe chronic pain in patients for whom intrathecal (IT) therapy is 
warranted, and who are intolerant of or refractory to other treatment, such 
as systemic analgesics, adjunctive therapies or IT morphine. 

CONTRAINDICATIONS 

PRIALT is contraindicated in patients with a known hyper-sensitivity to ziconotide 
or any of its formulation components and in patients with any other concomitant 
treatment or medical condition that would render IT administration hazardous. 

Patients with a pre-existing history of psychosis should not be treated with 
ziconotide. 

Contraindications to the use of IT analgesia include conditions such as 

the presence of infection at the microinfusion injection site, uncontrolled bleeding 

diathesis, and spinal canal obstruction that impairs circulation of CSF. 
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WARNINGS 

Severe psychiatric symptoms and neurological impairment may occur 
during treatment with PRIALT. Patients with a pre-existing history of 
psychosis should not be treated with PRIALT. All patients should be 
monitored frequently for evidence of cognitive impairment, hallucinations, 
or changes in mood or consciousness. PRIALT therapy can be interrupted 
or discontinued abruptly without evidence of withdrawal effects in the 
event of serious neurological or psychiatric signs or symptoms. 



Patients should be cautioned against engaging in hazardous activity requiring 
complete mental alertness or motor coordination such as operating machinery or 
driving a motor vehicle during treatment with PRIALT. Patients should also be 
cautioned about possible combined effects with other CNS-depressant drugs. 
Dosage adjustments may be necessary when PRIALT is administered with such 
agents because of the potentially additive effects. 

WITHDRAWAL FROM OPIATES 

PRIALT is not an opiate and cannot prevent or relieve the symptoms associated 
with the withdrawal of opiates. To avoid withdrawal syndrome when opiate 
withdrawal is necessary, patients must NOT be abruptly withdrawn from opiates. 
For patients being withdrawn from IT opiates, the IT opiate infusion should be 
gradually tapered over a few weeks and replaced with a pharmacologically 
equivalent dose of oral opiates. PRIALT does not interact with opiate receptors 
and does not potentiate opiate-induced respiratory depression. 

PRECAUTIONS 
General 
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MENINGITIS AND OTHER INFECTIONS 

Meningitis can occur due to inadvertent contamination of the nnicroinfusion 
device and other means such as CSF seeding due to hematogenous or direct 
spread from an infected pump pocket or catheter tract. While meningitis is rare 
with an internal microinfusion device and surgically-implanted catheter, the 
incidence increases substantially with external devices. In the 1254 patients in 
PRIALT clinical trials with an exposure of 662 patient-years, meningitis occurred 
at 3% (40 cases) in the PRIALT group using either internal or external 
microinfusion devices and 1% (1 case) in the placebo group with an exposure of 
only 5 patient-years. The risk of meningitis with external microinfusion devices 
and catheters was higher with 93% cases (38/41) occurring with external infusion 
systems (37 PRIALT, 1 placebo). 

Patients, caregivers, and healthcare providers must be particularly vigilant for the 
signs and symptoms of meningitis, including but not limited to fever, headache, 
stiff neck, altered mental status (e.g., lethargy, confusion, disorientation), nausea 
or vomiting, and occasionally seizures. Serious infection or meningitis can occur 
within 24 hours of a breach in sterility such as a disconnected catheter, the most 
common cause of meningitis with external microinfusion devices. The patient 
and health care provider should be familiar with the handling of the external 
microinfusion device and care of the catheter skin exit site at risk of infection. 
Strict aseptic procedures must be used during the preparation of the PRIALT 
solution or refilling of the microinfusion device to prevent accidental introduction 
of any contaminants or other environmental pathogens into the reservoir. In 
suspected cases (especially in immuno-compromised patients) or in confirmed 
cases of meningitis, CSF cultures must be obtained and appropriate antibiotic 
therapy must be promptly instituted. Treatment of meningitis usually requires 
removal of the microinfusion system, catheter, and any other foreign body 
materials within the IT space and therefore discontinuation of PRIALT therapy. 



V23DEC2004 



Page 9 



Elan Pharmaceuticals, Inc. 



COGNITIVE AND NEUROPSYCHIATRIC ADVERSE EVENTS 

Use of PRIALT has been associated with CNS-related adverse events, including 
psychiatric symptoms, cognitive impairment, and decreased 
alertness/unresponsiveness. For the 1254 patients treated, the following 
cognitive adverse event rates were reported: confusion (33%), memory 
impairment (22%), speech disorder (14%), aphasia (12%), thinking abnormal 
(8%), and amnesia (1%). Cognitive impairment may appear gradually after 
several weeks of treatment. The PRIALT dose should be reduced or 
discontinued if signs or symptoms of cognitive impairment develop, but other 
contributing causes should also be considered. The various cognitive effects of 
PRIALT are generally reversible within 2 weeks after drug discontinuation. The 
medians for time to reversal of the individual cognitive effects ranged from 3 to 
15 days. The elderly (>65 years of age) are at higher risk for confusion. 
(See GERIATRIC USE.) 

In placebo-controlled trials, there was a higher incidence of suicide, suicide 
attempts and suicide ideations in PRIALT treated patients (N=3) than in the 
placebo group (N=1 ). The incidence was 0.10/patient year for placebo patients 
and 0.27/patient year for PRIALT patients. 

Events of acute psychiatric disturbances such as hallucinations (12%), paranoid 
reactions (3%), hostility (2%), delirium (2%), psychosis (1%), and manic 
reactions (0.4%) have been reported in patients treated with PRIALT. Patients 
with pretreatment psychiatric disorders may be at an increased risk. PRIALT 
may cause or worsen depression with the risk of suicide in susceptible patients. 
If appropriate, management of psychiatric complications should include 
discontinuation of PRIALT, treatment with psychotherapeutic agents if 
appropriate, and/or short-term hospitalization. Before drug is re-initiated, careful 
evaluation must be performed on an individual basis. 

REDUCED LEVEL OF CONSCIOUSNESS 
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Patients have beconne unresponsive or stuporous while receiving PRIALT. The 
incidence of unresponsiveness or stupor in clinical trials was 2%. During these 
episodes, the patient sometimes appears to be conscious and breathing is not 
depressed. If reduced levels of consciousness occur, PRIALT should be 
discontinued until the event resolves, and other etiologies (e.g., meningitis) 
should be considered. There is no known pharmacologic antagonist for this 
effect. Patients taking concomitant antiepileptics, neuroleptics, sedatives, or 
diuretics may be at higher risk of depressed levels of consciousness. If altered 
consciousness occurs, other CNS depressant drugs should also be discontinued 
as clinically appropriate. 

ELEVATION OF SERUM CREATINE KINASE (CK-MM) 

In clinical studies (mostly open label), 40% of patients had serum creatine kinase 
(CK) levels above the upper limit of normal, and 11% had CK levels that were > 3 
X ULN. In cases where CK was fractionated, only the muscle isoenzyme (MM) 
was elevated. The time to occurrence was sporadic, but the greatest incidence 
of CK elevation was during the first two months of treatment. Elevated CKs 
were more often seen in males, in patients who were being treated with anti- 
depressants or anti-epileptics, and in patients treated with IT morphine. Most 
patients who experienced elevations in CK, even for prolonged periods of time, 
did not have limiting side effects. However, one case of symptomatic myopathy 
with EMG findings, and two cases of acute renal failure associated with 
rhabdomyolysis and extreme CK elevations (17,000-27,000 lU/L) have been 
reported. 

Therefore, it is recommended that physicians monitor serum CK in patients 
undergoing treatment with PRIALT periodically (e.g., every other week for the 
first month and monthly as appropriate thereafter). Patients should be clinically 
evaluated and CK measurements obtained in the setting of new neuromuscular 
symptoms (e.g., myalgias, myasthenia, muscle cramps, asthenia) or a reduction 
in physical activity. Should these symptoms continue and CK levels remain 
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elevated or continue to rise, it is recommended that the physician consider 
PRIALT dose reduction or discontinuation. 

INFORMATION FOR PATIENTS 

Patients should be cautioned against engaging in hazardous activity requiring 
complete mental alertness or motor coordination such as operating machinery or 
driving a motor vehicle during treatment with PRIALT Patients should also be 
cautioned about possible combined effects with other CNS-depressant drugs. 
Dosage adjustments may be necessary when PRIALT is administered with such 
agents because of the potentially additive effects. The physician should be 
contacted if the patient experiences new or worsening muscle pain, soreness, 
weakness with or without darkened urine. 

PATIENTS AND THEIR CAREGIVERS SHOULD BE INSTRUCTED TO 
CONTACT A PHYSICIAN IMMEDIATELY IF THE PATIENT HAS 

• A change in mental status (e.g., lethargy, confusion, disorientation, 
decreased alertness) 

• A change in mood, perception (hallucinations, including unusual tactile 
sensations in the oral cavity) 

• Symptoms of depression or suicidal ideation 

• Nausea, vomiting, seizures, fever, headache, and/or stiff neck, as these 
may be symptoms of developing meningitis 

LABORATORY TESTS 

In clinical studies (mostly open label), up to 40% of patients had serum creatine 
kinase (OK) levels above the upper limit of normal, and 11% had OK levels that 
were > 3-times the upper limit of normal (see Elevation of Serum Creatine 
Kinase). Most cases of OK elevation were not associated with muscle 
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weakness, however one case of myopathy with EMG findings, and two cases of 
acute renal failure associated with rhabdomyolysis and extreme CK elevations 
(17,000-27,000 lU/L) were reported.. 

DRUG INTERACTIONS 

Formal PK dnjg-drug interaction studies have not been performed with PRIALT. 
As ziconotide is a peptide, it is expected to be completely degraded by 
endopeptidases and exopeptidases (Phase I hydrolytic enzymes) widely located 
throughout the body, and not by other Phase I biotransformation processes 
(including the cytochrome P450 system) or by Phase II conjugation reactions. 
Thus, IT administration, low plasma ziconotide concentrations and metabolism by 
ubiquitous peptidases make metabolic interactions of other drugs with ziconotide 
unlikely. Further, as ziconotide is not highly bound in plasma (approximately 
50%) and has low plasma exposure following IT administration, clinically relevant 
plasma protein displacement reactions involving ziconotide and co-administered 
medications are unlikely. 

Over 90% of patients treated with IT PRIALT used systemic opiates and in the 
slow titration study, 98% of patients received opioids. 

Combination of PRIALT with intrathecal opiates has not been studied in placebo- 
controlled clinical trials and is not recommended. 

Interaction with CNS Depressants 

Almost all patients in the PRIALT clinical trials received concomitant norvIT 
medication. Of the 1254 patients treated, most received several concomitant 
drugs including antidepressants (66%), anxiolytics (52%), antiepileptics (47%), 
neuroleptics (46%), and sedatives (34%). The use of drugs with CNS 
depressant activities may be associated with an increased incidence of CNS 
adverse events such as dizziness and confusion (see PRECAUTIONS). 
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Carcinogenesis, Mutagenesis, Impairment of Fertility 

No carcinogenicity studies have been conducted in animals. 

Ziconotide was negative in the in vitro bacterial reverse mutation assay, in vitro 
mouse lymphoma assay, in vivo mouse micronucleus assay, and in the in vitro 
Syrian hamster embryo (SHE) cell transformation assay. 

Ziconotide did not affect male fertility in rats when administered as a continuous 
intravenous (IV) infusion at a dose of up to 10 mg/kg/day when administered for 
approximately 8 weeks, including a 28-day pre-mating period, or female fertility at 
a dose of 3 mg/kg/day when administered for approximately 6 weeks, including a 
14-day pre-mating period. Estimated exposures for the male and female rats 
were approximately 6500-fold and 1700-fold higher, respectively, than the 
expected exposure resulting from the maximum recommended human daily 
intrathecal (IT) dose of 0.8 mcg/hr (19.2 meg/day) based on plasma exposure. 

Female fertility in rats was significantly affected following continuous IV infusion 
at a dose of 10 mg/kg/day. Significant reductions in corpora lutea, implantation 
sites, and number of live fetuses were observed. 

Pregnancy 

Pregnancy Category C: 

Ziconotide was embryolethal in rats when given as a continuous IV infusion 
during the major period of organogenesis as evidenced by significant increases 
in post-implantation loss because of an absence or a reduced number of live 
fetuses. Estimated exposure for embryolethality in the rat was approximately 
700-fold above the expected exposure resulting from the maximum 
recommended human daily intrathecal (IT) dose of 0.8 mcg/hr (19.2 meg/day). 
Ziconotide was not teratogenic in female rats when given as a continuous IV 
infusion at doses up to 30 mg/kg/day or in female rabbits up to 5 mg/kg/day 
during the major period of organ development. Estimated exposures in the 
female rat and rabbit were approximately 26,000-fold and 940-fold higher than 
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the expected exposure resulting fronn the maximunn recomnnended human daily 
intrathecal (IT) dose of 0.8 mcg/hr (19.2 nncg/day) based on plasma exposure. 
Maternal toxicity in the rat and rabbit, as evidenced by decreased body weight 
gain and food consumption, was present at all dose levels. Maternal toxicity in 
the rat led to reduced fetal weights and transient, delayed ossification of the 
pubic bones at doses =15 mg/kg/day which is approximately 8900-fold higher 
than the expected exposure resulting from the maximum recommended human 
daily IT dose of 0.8 mcg/hr (19.2 meg/day) based on plasma exposure. The no 
observable adverse effect level (NOAEL) for embryo-fetal development in rats 
was 0.5 mg/kg/day and in rabbits was 5 mg/kg/day. Estimated NOAEL 
exposures in the rat and rabbit were approximately 400-fold and 940-fold higher 
than the expected exposure resulting from the maximum recommended human 
daily IT dose of 0.8 mcg/hr (19.2 meg/day) based on plasma exposure. 

In a pre- and post-natal study in rats, ziconotide given as a continuous IV infusion 
did not affect pup development or reproductive performance up to a dose of 10 
mg/kg/day, which is approximately 3800-fold higher than the expected exposure 
resulting from the maximum recommended human daily intrathecal (IT) dose of 
0.8 mcg/hr (19,2 meg/day) based on plasma exposure. Maternal toxicity as 
evidenced by clinical observations, and decreases in body weight gain and food 
consumption were observed at all doses. 

No adequate and well-controlled studies have been conducted in pregnant 
women. Because animal studies are not always predictive of human response, 
PRIALT should be used during pregnancy only if the potential benefit justifies risk 
to the fetus. 

Labor and Delivery 

The effect of PRIALT on labor and delivery in humans is not known. 
Nursing Mothers 

It is not known whether PRIALT is excreted in human breast milk. Because 
many drugs are excreted in human milk, and because of the potential for serious 
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adverse reactions in nursing infants from PRIALT, a decision should be made 
whether to discontinue nursing or to discontinue the drug, taking into account the 
importance of the drug to the mother. 

Pediatric Use 

Safety and effectiveness in pediatric patients have not been established. 
Geriatric Use 

Of the total number of subjects in clinical studies of PRIALT, 22% were 65 and 
over, while 7% were 75 and over. In all trials, there was a higher incidence of 
confusion in older patients (42% for >65 year old versus 29% for <65 year old 
subgroups). Other reported clinical experience has not identified differences in 
responses between the elderly and younger patients. In general, the dose 
selection for an elderly patient should be cautious, usually starting at the low end 
of the dosing range, reflecting the greater frequency of decreased hepatic, renal 
or cardiac function, and of concomitant disease or other drug therapy. 

Hepatic and Renai Impairment 

Formal PK studies were not conducted in patients with hepatic or renal 
impairment. 

ADVERSE REACTIONS 

The safety of IT PRIALT administered as a continuous infusion has been 
evaluated in 1254 patients participating in acute and severe chronic pain trials. 
The duration of treatment has ranged from a one-hour IT infusion to treatment 
lasting for more than 7.5 years. The mean duration of treatment was 193 days 
with 173 patients (14%) treated for at least 1 year. The average final dose was 
17.6 meg/day (0.73 mcg/hr). 

The most frequently reported adverse events (=25%) in the 1254 patients 
(662 patient years) in clinical trials were dizziness, nausea, confusion, headache, 
somnolence, nystagmus, asthenia, and pain. Serious adverse events and 
discontinuation of PRIALT for adverse events are less frequent when the drug is 
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slowly titrated over 21 days, than with a faster titration schedule. (See CLINICAL 
TRIALS and DOSAGE and ADMINISTRATION.) 

Table 2 summarizes the treatment -emergent adverse events with a frequency of 
5% or greater in the PRIALT-treated group from the one placebo-controlled trial 
using the slow titration schedule in patients with severe chronic pain. All events 
reported during the initial placebo-controlled period of the studies (21 days in the 
slow titration schedule) are tabulated, regardless of relationship to PRIALT. 



V23DEC2004 



Page 17 



Elan Pharmaceuticals, Inc. 



Table 2. Incidence of Treatment-Emergent Adverse Events in Slow Titration 
Placebo-Controlled Trial by Percent (Events That Occurred in > 5% of patients 
and more commonly with PRIALT than with placebo) 
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The following adverse events assessed as related to PRIALT have been reported 
in 2% or greater of patients participating in the clinical studies. (COSTART terms, 
by body system): 
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BODY AS A WHOLE: abdominal pain, accidental injury, asthenia, back pain, 
catheter complication, catheter site pain, cellulitis, chest pain, chills, fever, flu 
syndrome, headache, infection, malaise, neck pain, neck rigidity, pain, pump site 
complication, pump site mass, pump site pain, viral infection. 
CARDIOVASCULAR SYSTEM: hypertension, hypotension, postural hypotension, 
syncope, tachycardia, vasodilation. DIGESTIVE SYSTEM: anorexia, 
constipation, diarrhea, dyspepsia, gastrointestinal disorder, nausea, nausea and 
vomiting, vomiting. HEMIC AND LYMPHATIC SYSTEM: anemia, ecchymosis. 
METABOLIC AND NUTRITIONAL DISORDER: creatinine phosphokinase 
increased, dehydration, edema, hypokalemia, peripheral edema, weight loss. 
MUSCULOSKELETAL SYSTEM: arthralgia, arthritis, leg cramps, myalgia, 
myasthenia. NERVOUS SYSTEM: abnormal dreams, abnormal gait, agitation, 
anxiety, aphasia, ataxia, cerebrospinal fluid abnormal, confusion, depression, 
difficulty concentrating, dizziness, dry mouth, dysesthesia, emotional lability, 
hostility, hyperesthesia, hypertonia, incoordination, insomnia, memory 
impairment, mental slowing, meningitis, nervousness, neuralgia, nystagmus, 
paranoid reaction, paresthesia, reflexes decreased, somnolence, speech 
disorder, stupor, thinking abnormal, tremor, twitching, vertigo. RESPIRATORY 
SYSTEM: bronchitis, cough increased, dyspnea, lung disorder, pharyngitis, 
pneumonia, rhinitis, sinusitis. SKIN AND APPENDAGES: cutaneous surgical 
complication, dry skin, pruritus, rash, skin disorder, sweating. SPECIAL 
SENSES: abnormal vision, diplopia, photophobia, taste perversion, tinnitus. 
UROGENITAL SYSTEM: dysuria, urinary incontinence, urinary retention, urinary 
tract infection, urination impaired. 

At less than 2%, the following events were assessed by the clinical investigators 
as related to PRIALT: acute kidney failure, atrial fibrillation, cerebrovascular 
accident, electrocardiogram abnormal, grand mal convulsion, meningitis, 
myoclonus, psychosis, respiratory distress, rhabdomyolysis, sepsis, and suicidal 
ideations. Rare instances of fatal aspiration pneumonia and suicide were 
reported (<1%). 

OVERDOSAGE 
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The maximum recommended IT PRIALT dose is 19.2 meg/day. The maximum 
IT dose of PRIALT in clinical trials was 912 meg/day. In some patients who 
received IT doses greater than the maximum recommended dose, exaggerated 
pharmacological effects (e.g., ataxia, nystagmus, dizziness, stupor, 
unresponsiveness, spinal myoclonus, confusion, sedation, hypotension, 
word-finding difficulties, garbled speech, nausea, and vomiting) were observed. 
There was no indication of respiratory depression. Overdoses may occur due to 
pump programming errors or incorrect drug concentration preparations. In these 
cases, patients were observed and ziconotide was either temporarily 
discontinued or permanently withdrawn. Most patients recovered within 24 hours 
after withdrawal of drug. In the event of an IT overdose, elimination of ziconotide 
from CSF would be expected to remain constant (CSF I/, = 4.6 hours). Therefore 
within 24 hours of stopping therapy, the ziconotide CSF concentration should 
be less than 5% of peak levels. 

There is no known antidote to ziconotide. General medical sipportive measures 
should be administered to patients who receive an overdose until the 
exaggerated pharmacological effects of the drug have resolved. Treatment for 
an overdose is hospitalization, when needed, and symptom related supportive 
care. Ziconotide does not bind to opiate receptors and its pharmacological 
effects are not blocked by opioid antagonists. 

In the event of an inadvertent intravenous or epidural administration, adverse 
events could include hypotension, which can be treated with a recumbent 
posture and blood pressure support as required. The half-life of PRIALT in 
serum is 1.3 hours. 

DOSAGE AND ADMINISTRATION 

IT PRIALT should be initiated at no more than 2.4 meg/day (0.1 mcg/hr) and 
titrated to patient response. Doses may be titrated upward by up to 2.4 meg/day 
(0.1 mcg/hr) at intervals of no more than 2-3 times per week, up to a 
recommended maximum of 1 9.2 meg/day (0.8 mcg/hr) by Day 21 . Dose 
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increases in increments of less than 2.4 meg/day (0.1 mcg/hr) and increases in 
dose less frequently than 2-3 times per week may be used. For each dose 
titration, assess the dosing requirements and adjust the pump infusion flow rate 
as required to achieve the new dosing. Controlled studies of pain relief have not 
been conducted for longer than 3 weeks duration, although 977 patients have 
been treated with IT PRIALT in long-term open-label trials. 

The dose of IT PRIALT should be adjusted according to the patient's severity of 
pain, their response to therapy and the occurrence of adverse events. The 
effective dose of PRIALT for analgesia is variable. The average dose level at the 
end of the 21-day titration used in the slow titration clinical trial (SEE CLINICAL 
TRIALS) was 6.9 meg/day (0.29 mcg/hr) and the maximum dose was 19.2 
meg/day (0.8 mcg/hr) on Day 21 . Due to the frequency of adverse events, 19.2 
meg/day (0.8 mcg/hr) is the maximum recommended dose. 

Because of the lower incidence of serious adverse events and discontinuations 
for adverse events associated with the slower titration (see ADVERSE 
REACTIONS), a faster titration schedule should only be used if there is an urgent 
need for analgesia that outweighs the risk to patient safety. 

In clinical trials, no rebound or other adverse events related to discontinuation of 
PRIALT were noted, although treatment was almost always discontinued 
abruptly. 

Vials of PRIALT should be inspected visually for particulate matter and 
discoloration prior to administration, whenever solution and container permit. 

Administration 

PRIALT should be administered intrathecally (IT) by or under the direction of a 
physician experienced in the technique of IT administration and who is familiar 
with the drug and device labeling. PRIALT is not intended for intravenous 
administration. 
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PRIALT is intended for IT delivery using a programmable implanted variable-rate 
microinfusion device or an external microinfusion device and catheter (see 
PRECAUTIONS-Meningitis and Other Infections). Refer to the manufacturer's 
manual for specific instructions and precautions for programming the 
microinfusion device and/or refilling the reservoir. 

PRIALT is used for therapy undiluted (25 mcg/mL in 20mL vial) or diluted 
(100 mcg/mL in 1 , 2 or 5 mL vials). Diluted PRIALT is prepared with 0.9% 
Sodium Chloride Injection, USP (preservative free) using aseptic procedures to 
the desired concentration prior to placement in the microinfusion pump. The 100 
mcg/mL formulation may be administered undiluted once an appropriate dose 
has been established. SALINE SOLUTIONS CONTAINING PRESERVATIVES 
ARE NOT APPROPRIATE FOR IT DRUG ADMINISTRATION AND SHOULD 
NOT BE USED. Refrigerate but do not freeze all PRIALT solutions after 
preparation and begin infusion within 24 hours. Discard any PRIALT solution with 
observed particulate matter or discoloration and any unused portion left in the 
vial. 

Medtronic SvnchroMed EL or SvnchroMed II Infusion Svstenfi (SEE 
PRECAUTIONS-Meningitis and Other Infections) 

Refer to the manufacturer's manuals for specific instructions and precautions for 
performing a reservoir rinse, initial filling, refilling the reservoir, and programming. 

Instructions for Use of PRIALT with Pump 

1. Naive Pump Priming (i.e., first time use with PRIALT) 

Only the undiluted 25 mcg/mL formulation should be used for naive pump 
priming. Rinse the internal surfaces of the pump with 2 mL of PRIALT at 25 
mcg/mL. Repeat twice for a total of three rinses. 

2. Initial Pump Fill 

Only the undiluted 25 mcg/mL formulation should be used for initial pump 
fill. Fill the naive pump after priming as above with the appropriate volume of 
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PRIALT at 25 mcg/mL. Begin dosing at a delivery rate no higher than 2.4 
meg/day (0.1 mcg/hr). In a naive pump, PRIALT is lost due to two factors that do 
not occur upon subsequent refills: adsorption on internal device surfaces, such 
as the titanium, and by dilution in the residual space of the device. 
Consequently, the pump reservoir should be refilled with PRIALT within 14 days 
of the initial fill to ensure appropriate dose administration. 

3. Pump Refills 

For subsequent pump refills, fill the pump at least every 40 days if PRIALT is 
used diluted. For undiluted PRIALT, fill the pump at least every 60 days. To 
ensure aseptic transfer of PRIALT into the device, it is recommended that the 
Medtronic refill kit be used. The pump contents should be emptied prior to refill 
with PRIALT. 

If the internal infusion system must be surgically replaced while the person is 
receiving PRIALT, the replacement pump should be rinsed with PRIALT (No. 1 
above), and this initial fill solution must be replaced within 14 days (No. 2 above). 
Subsequent refills should be done at least every 60 days if PRIALT is used 
undiluted or at least every 40 days if PRIALT is used diluted. 
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PRIALT (ziconotide intrathecal infusion) 


Initial Fill 

Expiry 


Refill 

Expiry 


25 mc^mL, undiluted 


14 Days 


60 Days 


100 mcg/mL, undiluted 


N/A 


60 Days 


1 00 mcg/mL, diluted 


N/A 


40 Days 



Simms Deltec Cadd Micro External Microinfusion Device and Catheter (See 
PRECAUTIONS-Meninqitis and Other Infections). 

Refer to the manufacturer's manuals for specific instructions and precautions for 
performing the initial filling, refilling of the reservoir or replacement of the drug 
cartridge, and operation. The appropriate external microinfusion device is filled 
for the first time with PRIALT solution at a concentration of 5 mcg/mL. This 
solution is prepared by diluting PRIALT with 0.9% Sodium Chloride, USP 
(preservative free). The flow rate for the external microinfusion device usually 
starts at 0.02 mL/hr to deliver the initial dose rate of 2.4 meg/day (0.1 mcg/hr) of 
PRIALT. Changes in dose rate are made by adjusting the flow rate of the 
infusion system and/or the concentration of PRIALT solution. 

HOW SUPPLIED 

PRIALT is supplied as a 25 mcg/mL solution in a single-use 20 mL glass vial and 
as a 100 mcg/mL solution in single-use glass vials containing 1 mL, 2 mL, or 5 
mL of solution. One vial is packaged per carton. 

Presentation (NDC) 

25 mcg/mL: 20 mL vial (59075-723-10). Only the undiluted 25 mcg/mL 
formulation should be used for PRIALT naive pump priming. 

100 mcg/mL: 1 mL (59075-720-10) 

2mL (59075-721-10) 
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5 mL (59075-722-10) 

STORAGE 

• Refrigerate PRIALT during transit. 

• Store PRIALT at 2X-8X (36T^6T). 

• PRIALT, once diluted aseptically with saline, may be stored at 2**C-8''C for 
24 hours 

• Do NOT freeze PRIALT. 

• Protect from light. 

Distributed by: 

Elan Pharmaceuticals, Inc. 

San Diego, OA 92121 

© 2004 Elan Pharmaceuticals, Inc. All rights reserved 
PRIALT® is a trademark of Elan Pharmaceuticals, Inc. 

SynchroMed® EL and SynchroMed® II are registered trademarks of Medtronic, 
Inc. 

Simms Deltec Cadd Micro® is a registered trademark of Ardus Medical, Inc. 
(Rx Only Symbol) (ELAN Logo) 

6000323 Rev. 12/04 
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[57] ABSTRACT 
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STABLE OMEGA CONOPETIDE generally not effective for treating the progressive stages of 
FORMULATIONS neuropathic pain. Moreover, these compounds are known to 
. TXTuxrNmrfcXT inducc tolcTsnce in patients, so that increased doses are 
FIELD OF THE INVENTION required to achieve a satisfactory analgesic effect. At high 
The present invention relates to methods of jyeventing 5 doses, these compounds produce side effects, such as res- 
progression of neuropathic pain and to formulations suitable piratory depression, which can be life threatening. In 
for stabilizing omega conopeptide peptides used in such addition, opioids can produce physical dependence in 
treatment methods. patients. Dependence appears to be related to the dose of 
j^gP^j^gj^^Qgg opioid taken and the period of time over which it is taken by 

10 the subject. For this reason, alternate therapies for the 

Ahmad. S. N. and Miljanich, G. P., Brain Research mianagemcnt of dironic pain are widely sought after. In 

453:247-256 (1988). addition, compounds which serve as either a rq)laceraent for 

Bennett, G. J. and Xie. Y.-K.. Pain 33:87-107 (1988). or as an adjunct to opioid treatment in order to decrease the 

Bennett. J. P et al.. in NEUROTRANSMITTER RECEPTOR dosage of analgesic compound required, have utility in the 

BINDING, pp. 61-89; Raven Press. New York, N.Y. 15 treatment of pain, particularly pain of the chronic, intrac- 

(1983). table type. 

Ben-Sreti, M. M.. et al. Eun J. Pharmacol, 90:385-391 Although calcium blocking agents. Including a number of 

(^^^^)- L-type calcium dianneJ antagonists, have been tested as 

Contreras. E.. et al., Eur. J, Pharmacol 148:463-466 adjunct therapy to morphine analgesia, positive results are 

(1988). 20 attributed to direct effects on calcium availability, since 

Dixon. W. J., Ann. Rev. PharmacoL ToxicoL 20:441-^2 calcium itself is known to attenuate the analgesic effects of 

(^^6)- certain opioid compounds (Ben-Sreti, et al., 1983). EGTA. a 

Gray, W., et aL. Annual Review of Biochemistry 57:665-700 calcium chelating agent, is effective in increasing the anal- 

(1988). gesic effects of opioids. However, results ftom tests of 

Jadad, A. R., et al.. Lancet 339:1367-1371 (1992). 25 calcium antagonists as adjunct therapy to opioids have been 

Kcnakin, T. P., in PHARMACOLOGIC ANALYSIS OF contradictory; some L-typc caldum channel antagonists 

DRUGRECEPTOR INTERACTION, Raven Press, New have been shown to inaease the analgesic effects 6[ opioids, 

York, N.Y. (1987). while others of these compounds have been shown to 

Kim, S. H. and Chung, J. M., Pain 50355-363 (1992). detrease opioid effects (Contreras. et al., 1988). 

^S435'3f (1987^ ^"^^ ^ ^'^^^'^^ ^""^^^ ^"«=8a- 

McGeer P L et al in KfOurcfifAR hiFi JRnRininrY conopqjtides having defined bindingTinhibitcHy properties in 

n^™^!'i?Zff / M ^£^^ „ V J the treatment of ischemia-related neuronal damage. U.S. Pat 

^ Y n9s1) ™ "^'^2 demonstrates the effectiven^of omega- 

xtL 1 w ^ * 1 ^ ^ ^ AAr^ conopeptide compositions in certain animal models <rf pain. 

Nowycky. M, C, et al.. Nature (U)ndon) 316:440^3 35 Sped^y, om^ga-conopeptides MVIIA and TVIA and 



(1985). 



r\r n * 1 i>. 1. . ^'/xo', ^f^M y^^^A^ derivatives thereof having related inhibitoiy and binding 

V.ks,.T.L.,«-Rud,.T.^.™,.V,.*»„. ,7:1031-1036 " 



(1976). 



V « I.- FN / f n .-f « . n -*/^/^ neuTopathic paui ffiodels of analgcsia, m which moiphmc IS 

Yamashiro, D., Int, J, Peptide Protein Res, 30:9^12 ^ ^ T /♦ — a i. 

^ not expected to produce positive results. 



(1987). 



The present invention is based an the discovery that 

BACKGROUND OF THE INVENTION N-typc voltage-sensitive calcium channel (VSCC) blocking 

CThronic or intractable pain, as may occur in conditions compounds, including omega conopef^des. are dOfective to 

such as bone degenerative diseases, AIDS. Reflex sympa^ prevent progression of neuropathic conditions. Also dis- 

thetic dystrophy (RSD), and cancer, is a debilitating condi- closed are improved routes of administration for providing 

tion which is treated widi a variety of analgesic agents, and 50 ^^^^^ neuropathic pain. In addition, the present invcn- 

c^n opioid con^x>unds. such as morphine. discloses stabilized conopeptide formulations that are 

Neuropathic pain is a particular type of pain that has a particularly useful in the treatment methods of the present 

complex and variable eUology, It is frequently a chronic invention. These stabilized compositions also find use in 

condition attributable to complete or partial transection of a applications in which prolonged administration or 

nerve, trauma or injury to a nerve, nerve plexus or soft 35 loog-tcrm storage of solutions containing conopcptides are 

tissue. OT other cwiditions, including cancer, AIDS and required, 

idiopathic causes. Neur<^tfuc pain is characterized by ^jitt^apy riP thf iKVPismnisi 

hyperalgesia (lowered pain threshold and enhanced pain SUMMARY OF THE INVENTION 

perception) and by allodynia (pain from innocuous mcchani- In one aspect, the invention includes a method of pre- 

cal or thermal stimuli). The condition is progressive in 60 venting progression of neuropathic pain. Acccrding to die 

nature. Because the hypo-esthetic con^Mjnent of neuropathic method, the subject is given an N-type voltage-sensitive 

pain does not respond to the same j^iarmaoeutical interven- sensitive calcium channel blocking con^und which is 

tions as does more generalized and acute forms of pain, effective (a) to inhibit electrically stimulated contraction of 

development of effective longtcrm treatment modalities has the guinea pig Ucum, and (b) to bind selectively to omega 

been problematic. 65 conopq;>tide MVIIA binding sites present in neuronal tissue. 

Opioid compounds (opiates) such as morphine, while In a specific embodiment, the activities of the compound in 

effective in producing analgesia for many types of pain, are inhibiting the guinea pig ileum and in binding to the MVHA 
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binding site are within the ranges of such activities of are particularly useful for conopeptides SNX-111, SNX- 

omega-conotoxins MVIIA and TVIA. In another embodi- 178. SNX 207. and SNX-236. 

ment of the invention, the neuropathic pain is characterized The invention further includes, in a related embodiment a 

by nociceptor sensitizaUon. "method of stabilizing an omega conopeptide soluUon. The 

\ ^ L J. * *w < method includes adding to an omega conopepiide- 

In a more specific embodiment, the activity of the com- 5 containing solution an anti-oxidant conqwsition capable of 

pound to bind selectively to the omega conq)epUde NfSOIA preventing metiiionine oudation. as described above, 

binding sites is measured by a selecUvity ratio of binding at In still a further aspect the invention includes omega- 

the MVnA binding site to binding at a site 2 omega conopeptide SNX-273 having the sequence: SEQ ID NO: 

conopeptide binding site. Effective compounds will have a 35. in another aspect, the invention includes omega 

selectivity ratio which is within die range of selectivity 10 conopq)tide SNX-279 having the sequence SEQ ID NO: 36. 

ratios determined for omega conopeptides MVIIA/SNX- BRIEF DESCRIPTION OF THE DRAWINGS 

111. SNX-199. SNX-236. SNX.239 and TVIA/SNX-185. ^ ^^^^ ^^^^^^ ^^^^^ 

In a preferred embodiment, the N-type calcium channel ^^^^^ omega-conopeptides, MVIIA/SNX-111 (SEQ ID 

blocking con^x)unds arc omega-conopeptides. In another NOrOl). MVIIB/SNX-159 (SEQ ID NO: 02). GVIA/SNX- 

prcfcrred embodiment, the omega conopeptide is selected " ^lA (SEQ ID NO: 03). GVIIA/SNX-178 (SEQ ID NO: 04), 

from the group consisting of SEQ ID NO: 7 (TVIA/SNX- RVIA/SNX-182 (SEQ ID NO: 05), SVIA/SNX-157 (SEQ 

185). SEQ ID NO:l (MVIIA/SNX-111), SEQ ID NO; 30 id NO: 06). TVIA/SNX- 185 (SEQ ID NO: 07). SVIB/SNX- 

(SNX-236), SEQ ID NO: 2 (SNX-159). SEQ ID NO: 32 183 (SEQ ID NO: 08), and MVnC/SNX-230 (SEQ ID NO: 

(SNX-239). SEQ ID NO: 33 (SNX-199). SEQ ID NO: 35 29), and SNX-231 (SEQ ID NO: 21); 

(SNX273). SEQ ID NO: 36 (SNX-279), and derivatives ^ FIGS. 2A and 2B show primary sequences of analog 

thereof. omega-concpcptides SNX- 190 (SEQ ID NO: 09). SNX-191 

Such peptides may preferably be administcxcd by trans- (SEQ ID NO: 10). SNX-193 (SEQ ID NO: 11). SNX-194 

dermal iontophoresis. In another preferred embodiment, the (SEQ ID NO: 12). SNX-195 (SEQ ID NO: 13), SNX-196 

conopeptide formulation will include an anti-oxidant eflfec- (SEQ ID NO: 14), SNX.197 (SEQ m NO: 15). SNX.198 

live to wevent methionine oxidaUon " (SEQ NO: 16), SNX-199 (SEQ ID NO: 33). SNX.200 

uve to prevent rnemionine oxioauon. (g^Q ID NO: 17). SNX.201 (SEQ ID NO: 18). SNX-239 

In other preferred embodiments, the mediod of the inven- )^ ^ SNX240 (SEQ ID NO: 34), SNX-202 

tion wiU include administering con^xxind by means effcc- .^^q j^q. SNX-207 (SEQ ID NO: 20), SNX-236 

dve to deUver compound to regions of neuropathic pain. In ^^gg jjj j^q. 3Q)^ SNX-273 (|ala^^-SNX-ll 1; SEQ ID NO: 

one prefeired embodiment, the compound is administered ^ 35) SNX-279 (Met(0)^^-SNX-lll; SEQ ID NO: 36) 

by perineural applicaUon of compound. In another preferred relationships to SNX-111 (SEQ ID NO: 01), 

embodiment, such administering is by topical plication to SNX- 185 (SEQ ID NO: 07) or SNX-183 (SEQ ID NO: 08), 

a skin region characterized by proliferation of neurite out- where Nle indicates ncrleuctne, and Mct(0) indicates a 

growth. Such topical administration may further include use sulfoxy-methionine substitution; 

of a transdermal patch. In another embodin^nt, the com- 35 FIGS. 3A and 3B show computer-fit competitive binding 

pound is administered by subdermal injection in a region curves for omega-conopeptide binding to the (XT MVIIA 

characterized by proliferation of neurite outgrowth. (SNX-111) binding site in rat brain synaptosomes; 

In yet another embodiment, tfie compound is administered FIGS. 4A and 4B show computer-fit competitive binding 

by q)idural injection. When practicing this method of die curves for omcga-conc^)q)tide binding to the OCT MVnC 

invention using an omega conopeptide compound, the treat- ^ (SNX-230) binding site in rat brain synaptosomes; 

ment method may include means for enhancing permeation FIG. 5 shows omega-conopeptide groupings: L MVIIA, 

<rf the conopeptide through meningeal meml^anes. Such SNX-199 (SEQ ID NO: 33), MVHB and SNX-239 (SEQ ID 

membrane permeation enhancing means can include, for NO: 32), IL TVIA, SNX-207 and SNX-236. ffl, KVIA, 

example, liposomal encapsulation of the peptide, addition of SVIA, GVIIA, S VIB, M VHC SNX-23 1 ; 

a surfactant to the con^sition, or addition of an ion-pairing 45 FIGS. 6A-6D show the effect of treatment with various 

agent. Also encompassed by the invention is a membrane omega-con<^)cptides on medianical allodynia thresholds m 

permeability enhancing means that includes administering "^'^"^ ^^^^^^^ "T^^^'^^^ 

to the subject a hypotonic dosing solution effective to (^A). SI«-239 (ffi), SNX- 159 (6C) and SNX-230 (6D) 

disrupt meningeal barriers. were tested at the doses indicated; 

^ ^ ... ^. . I J * wi FIGS. 7 (A3) shows dose response curves of effects of 

In anotoer aspea, the mvenUon includes a s^^^^ 50 omega-conopeptides SNX-111 (7A) and SNX-239 (7B) 

conopepude formulation. This fonnulauoninchides,uiaddi- from the data iUustrated in FIGS. 6A and 6B, 

tion to an omega con(^tide, an anti-oxidant capable of respectively, in a rat model of neuropathic pain; 

preventing methionine oxidation. In one embodiment the pj^^ ^ dose-dq)endent blockade of 

anti^xidative composition includes a carboxylic add buffer. mechanical allodynia by SNX-273 (8A) and SNX-279 (8B) 

Generally, tiie buffer pH will be below about pH 6. and in a 55 in con^)arison to saline and SNX-111 at various times post 

preferred embodiment the carboxyUc acid buffer is lacUte treatment, where asterisks indicate statistically significant 

buffer adjusted to a pH of about 4-4.5. differences between treatment and saline (p<0.05. Student's 

In another embodiment, the formulation includes t test); and 

methionine as an anti-oxidant Generally, the formulation FIG. 9 shows analgesic efficacy of an SNX-111 formu- 

will be in a range below about pH 6. In a nK)re specific 60 lation combining methionine in lactate buffer, 

embodiment, the methionine fomuilation buffer includes DETAILED DESCRIFIION OF THE 

~0.9% sodium chloride acidified to a pH of about 4^.5. The INV^HTON 
foregoing specific lactate and mettiionine fcwmulations may 

be used alone or in combination with each other ot with L N-type Voltage-Sensitive Calcium Channel 

other anti-oxidant or stabiHzing solutions known in the art 65 Blocking Conqwunds 

Although sudi anti-oxidant formulations can be used with Voltage-gated calcium diannels are present in neurons, 

any omega-conopeptide that is susceptible to oxidation, they and in cardiac, smooth, and skeletal muscle and other 
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excitable ceils. These channels are known to be involved in 
membs-ane excitability, muscle contraction* and cellular 
secretion, such as in exocytotic synaptic transmission 
(McGeskey. et ai.. 19S7). In neuronal cells, voltage-gated 
calcium channels have been classified by their electrophysi- 
ological as well as by their biochemical (binding) propeities. 

Calcium channels are generally classified according to 
their electrophysiological properties as Low- voltage- 
activated (LVA) or High-volUge-activated (HVA) channels. 
HVA channels are currently known to comprise at least three 
groups of channels, known as N- and P-type channels 
(Nowycky. et al., 1985; Sher. el aL. 1991). These channels 
have been distinguished one from another structurally and 
electrophysiologically as well as biochemically on the basis 
of their pharmacology and ligand binding propeities. Thus, 
dihydropyridines. d4)henylalkyiamines and piperidlnes bind 
to the alpha, subunit of the L-type calcium channel and 
block a proportion of HVA calcium currents in neurooal 
tissue, whidi are termed L-type calcium currents. 

N- or omega- type HVA calcium channels are distinguish- 
able from other caldum channels by their sensitivity to 
omega conotoxins (omega conopeptides). Such channels are 
insensitive to dihydropyridine compounds, such as L-type 
calcium channel blockors nimodipine and nifedipine (Sher. 
et al.. 1991; Sher and Qementi. 1991). 

A. Omega-Conopeptides Omega-conq>eptides are con^ 
nents of peptide toxins produced by marine snails of the 
genus Conus, and which act as calcium channel blockers 
(Gray, et al.. 19S8). About 500 species of cone snails in the 
Conus genus have been identified, and a variety of omega- 
conopeptides from several of these species have been iso- 
lated. The primary sequences of ei^t naturally-ocauxing 
omega-conc^ptides are shown in FIG. 1, where SNX-231 
is an alternative form of MVnC/SNX-230. Conventional 
letter initials are used for the amino acid residues, and X 
represents 4-hydroxyproline. also abbreviated 4Hyp. All of 
the peptides shown in the figure are amidated at their 
C-teiminL 

The pq>tides shown in FIG. 1 are identified by names 
which are commonly associated with either the naturally 
occurring peptide (single letter followed by a Roman 
numeral followed by a single letter), and by a synthetic 
designation (SNX-plus numeral). Either or both of these 
designations will be used interchangeably throughout the 
specification. For exanq>lc. the pq>tide whose sequence is 
designated MVIIA/SNX-lll will be referred to herein as 
OCT MVnA. or alternatively. SNX-111, the latter to signify 
that the compound is synthetic in origin. Synthetic and 
naturally occurring pq)tides having the same sequence 
behave substantially identically in the assays and methods of 
treatment of the invention. The OCT MVTIA (SNX-1 1 1) and 
OCT GVIA (SNX-124) peptides also have the common 
names CmTx and Cgfl^. respectively. All of the omega- 
conopeptides have three disulfide linkages connecting cys- 
teine residues 1 and 4. 2 and 5. and 3 and 6. as indicated for 
the MVnA peptide in FIG. 2A FIGS. 2A and 2B shows 
analogs or derivatives of natural OCT MVIIA, OCT TVIA, 
and OCT SVIB peptides which have been synthesized and 
tested in accordance with the invention. Standard single 
amino acid code letters are used in the figure; 
X=hydroxyprolinc; Nle=norlcucine; Met(0)=sulfoxyj^ 
methionine; NH^ group at the C terminus indicates that die 
peptide is C-terminal amidated; G — OH indicates termina- 
tion in an unmodified glycine residue. 

B. Prq)aration of Omega Conopeptides 

This section describes the synthesis, by solid f^iase 
methods, of several naturally occurring omega conotoxin 
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(OCT) peptides and additional omega-conopcptides which 
are used in the present invention. 

Omega-conopeptides. such as those shown in FIGS. I and 
2. can be synthesized by conventional solid phase methods, 
such as have been described (Olivera. et aL. 1984). Briefly. 
N-alpha-f^otected amino acid anhydrides are prepared in 
crystallized form or prepared freshly in solution and used for 
successive amino add addition at the N-terminus. At each 
residue addition, the growing peptide (on a solid support) is 
acid treated to remove the N-alpha-protectivc group, washed 
several times to remove residual add and to promote acces- 
sibility of the peptide terminus to the reaction medium. The 
peptide is then reacted with an activated N-protected amino 
acid symmetrical anhydride, and the solid support is washed. 
At each residue-addition step, the amino acid addition 
reaction may be repeated for a total of two or three separate 
addition reactions, to inaease the percent of growing pep- 
tide molecules which are reacted, lypically. 1-2 reaction 
cydes are used for the first twelve residue additions, and 2-3 
reaction cydes for the remaining residues. 

After completing the growing peptide chains, the pro- 
tected pq>tide resin is treated with liquid hydrofluoric acid 
to deblock and release the peptides from the support. For 
preparing an amidated pq)tide. the resin support used in the 
synthesis is sdected to supply a C-temiinal amide, after 
peptide deavagc from the resin. After removal of the hydro- 
gen flucBide. the peptide is extracted into IM acetic add 
solution and lyophilized. The three disulfide linkages in the 
peptides may be fonned by air oxidation in the presence of 
dithiothreitol (DTT) or optionally other thiol containing 
con^xMinds (e.g.. cystdne. glutathione). acccHxIing to pro- 
cedures detailed in Example 1. 

The peptide can be isolated by an initial separation by gd 
filtration, to remove peptide dimers and higher molecular 
weight polymers, and also to remove undesired salts, such as 
guanidine hydrochloride, used in the oxidation reaction. The 
partially purified peptide is further purified by preparative 
HHX! chromatography, and the purity and identity of the 
peptide confirmed by amino acid con^x>sition analysis, mass 
spectrometry and by analytical IJPLC in two different sol- 
vent systems. 

C. Stable Omega-conopeptide Fomuilations 

Dilute solutions of omega-oonopeptides are generally 
unstable in solution, as evidenced by oxidation of methion- 
ine residues and reduction cr loss of biological activity. In 
accordance with an important aspect of the present 
invention, it has been discovered that om^a-conopq)Cides 
can be significantly stabilized in solution by preventing 
oxidation of methionine residues present in the peptide 
structure. In particular, SNX-11 1. which contains a methion- 
ine at position 12. is approximately 10-fold less potent in 
binding to omega-conopq)tide MVIIA binding sites, when 
its methionine is present in the sulfoxy form. 

In experiments carried out in support <^ the present 
invention, it has been found that SNX-111 oxidation can be 
prevented by addition of lactate buffer to the composition. 
Mere particularly buffers containing ISO raM lactate buffer. 
pH 4-4.5 in^H'ove stability of the compound considerably. lit 
is known that solutions of SNX-Ul in which the peptide 
concentrati(Mi is less than about 0. 1 mg/ml oxidize rapidly 
when dissolved in water, saline, or any of a number of 
buffers used in the art of peptide chemistry. It is a discovery 
of the present invention that solutions of SNX-Ul ranging 
from 0.01-0.1 mg/ml are stable at 45° C. for weeks, when 
stabilized with lactate (150 mM, pH 4-4.5). In addition, 
buffers containing 50 pg/ml methionine are also effective in 
stabilizing SNX-Ul. Here, either 150 mM lactate buffer or 
addified saline (pH 4-4.5) can be used to buffer the solution. 
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The foregoing stabilization method and fomuilation wiU constants measin'ed for binding to neuronal-cdl MVIIA 

find particular use in preventing oxidation of those com- (SNX-lil>-spccific binding site 1 and SVIB (SNX-183> or 

pounds containing methionine residues. With reference to MVnC (SNX-230>-spccific binding site 2. 

FIGS. 1 and 2. such compounds include SNX-111. SNX- ♦^*w-»i^v^ikjf\/i¥ a k; ^:»* :« »;cc..- 

178. SNX-190. SNX-19LSNX-193, SNX.194, SNX.197. 5 Bmdmg to the OCT MVIIA bmdmg te^ 

SNX-198. SNX-199. SNX-200, SNX-202, SNX-207. SNX- ^ demonstrated in a vanety of ceU types and synapto- 

236. SNX-237. SNX.239. SNX-240; however, it is appre- ^omal ceU fractions. One preferred synaptosomal fracUon is 

dated that the formulation buffer conditions may be used a mammalian brain synaptosomal membrane preparation, 

with peptides that lack methionine, as well such as the rat brain syn^osome preparation dcsaibed in 

Formulations which incaporate the components or prin- lO U.S. Pat. No. 5364,842. The binding constant of a com- 

ciples discussed above may be used in a number of phar- pound for the MVIIA binding site is typically determined by 

maceutical applications related to omega conopeptide competitive displacement of radiolabeled OCT MVIIA 

administration. Solutions of peptides provided in vials may (SNX-111) from the synaptosomal preparation, as follows, 

be stored under the acidic formulation conditions, prior to _ _^ ^ s ^ ^ m#«rTTA /cvtv 

I. 1 • • . •* Li * The bmding constant (KJ) of the MVIIA (SNX-111) 
dilution into a pharmaceutical cxcipient suitable for 15 ^ ^ ... 
parenteral administration. Solutions used for slow infusion P^^^<^ ^^c synaptosomal membranes is determmcd by a 
may also be preserved in this manner. The solution may be saturation binding method in which increasing quantities of 
administered directiy or neutralized prior to administration. radiolabeled peptide are added to the synaptosomal 
according to the particular route of administration in which membranes, and the amount of labeled material bound at 
the formulation is used. For exanq)le, direct intrathecal 20 each concentration is determined (Example 2A). The appro- 
administration of approximately 10 pi of SNX-111 in lactate priate binding equation describing the concentration of 
buffer (150 mM, pH 4-4.5) has been used in treating rats, bound ligand as a function of the total ligand in equilibrium 
without noticeable untoward effects. For administration to ^ calculate the (the concentration 
the bloodstream the acidified physiological saline formula- ^ ^.^^ ^ syaaptosomes), and the K, (which is 
tion naay prove preferable, or either preparation may be 25 . . Tj^- i- j • j r 
neutralized by dilution in a neutralizinV physiological ^oximately the concentration of the hgand required for 
excipient, such as a phosphate buffered saUne. just jmor to ^^tf saturation of binding sites). 

administration. Using conventional Scatchard analysis, a binding 

D. In vitro Properties of N-typeVSCC Blocking compounds value of approximately 10 pM is obtained for omega 

This section describes some of the in vitro properties of 30 conopq)tide MVIIA. Similarly Kj'S were determined for 

N-type VSCC blocking compounds, as cxeiiq)lified by a binding of radidabeUcd SVIB (SNX-183) and MVnC 

specific group of omega conopq>tides, namely those omega (SNX-230) to binding sites in synaptosomal membranes, 

conopeptides that, like omega conopeptide MVIIA, exhibit ^ 

high affinity binding to tiie MVIIA (site 1) binding site and To determine the bmdmg constant of a test N-type VSCC 

relatively low affinity binding to the SVIB (site 2) omega 35 blocking c<Hnpound for an OCT binding site, the test com- 

conopeptide binding site, as discussed below. pound is added« at increasing concentrations, to a membrane 

1. Caldum-Channel Antagonist Activity. Omega cono- prq>aration, such as a synaptoson^ prq>aration, in the 
toxins bind to a specific population of binding sites, present presence of a standard concentration of a radiolabeled OCT 
mainly in neuronal tissue. Dihydr(^yridines and other which exhibits reversible binding, such as OCT MVHA 
L^type channel blockers do not displace omega conotoxin 40 (SNX-111). The synaptosomal material is then rapidly 
binding, nor do omega conotoxins displace binding of such ^^^^ ^^^^ l^^d radiolabel. The 
L^channel specific Ugands to L-type calcium channels ^ ^^^^ compound is detemnned 
These observations indicate that L-type calaum channel ^ ® ^ . . ^ . j . 

blockers and N-type calcium channel blockers act at distinct ^^"^ computer-fit competitive bindmg curves, such as 

diannels. Unlike L-type calcium channels, N-type or omega 45 shown in FIGS. 3A and 3B for MVIIA (SNX-111) pq>tide, 

diannels are found predominantiy, although not exclusively, determine first the IC50 value of the con^xnind, le., the 

in nervous tissue (Sher, et al., 1991). concentration which gives 50% displacement of labeled 

Inhibition (blodcade) of N-type cr omega HVA neuronal MVHA peptide. A is detennined according to standard 

calcium channels can be convenienUy measured in an iso- methods from the value of OCT MVIIA and the IC50 

lated cell system, such as the mouse neuroblastoma cell line. 50 value of the oon^>ound, as detailed in Example 2. A relative 

strain NlEl 15 or the human neuroblastoma cell line IMR32. potency value can also be calculated from this information, 

as described in U.S Pat. No. 5364,842. As demonstrated as illustrated. Like the value, this value allows compari- 

therein, N-type caldum currents are blocked by omega sons between assays performed under sli^tiy differing 

conopeptide MVIIA, but not by dihydropyridines. conditions or at different tinoes. While the specific value for 

2. Specific, High Affinity Binding to OCT Recq>tors. 55 a particular compound may vary from preparation to 
Omega-conopcptidcs have been shown, in accordance with prq)aration, tiie rank order of binding affiinities among the 
the invention, to bind with high affinity to specific binding compounds should remain essentiaUy unchanged. Thus the 
site(s) in neuronal cells. In accordance with the selectivity of ^ ^ ^ particular compound can be compared to 
the compound, the binding affim^ty can be cha^zed ^^^^ cx)mpounds within a given preparation, to detcr- 

^^m^ ^^l^^^^"^^^ compound for the 60 compound witiun a potency range 

high-affimty MVIIA (SNX-111) binding site, also referred to . ^ , . *u ^ * *u • ** 

" *u u- -1- f * *r*u -1 considered useful m thcmethods of the mvention, as dis- 
as site 1 herein, or the bmding constant of the compound 

for the high-afEnity SVIB (SNX-183) or the MVnC (SNX- 

230) binding site, also referred to as **site 2 " herein. Calculated IC50 values for a number of omega- 
Characteristics Gf these two distinct OCT binding sites arc 65 conopq)tidcs for binding of OCT MVIIA (SNX-111) to a rat 
summarized below. In some cases, it is useful to characterize synaptosomal preparation are given in Table 1. The com- 
omega-conopeptides according to the ratio of their binding pounds are arranged in order of increasing IC50 values. 
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TABLE 1 



COMPETITION OF »^-MVIlA (SNX-Ul) 
BINDINO BY OCT PEPTIDES 



IC5o(nM) 



SNX-207 


J007 


SNX-194 


.008 


SNX-195 


.009 


MVnA (SNX-IU) 


.010 




.021 




.030 


SNX-200 


.039 


it3^^ yy* X 


.046 


SNX-202 


.046 


SNX-193 


.070 


SNX-194 


.090 


SNX-239 


.090 


MVnC (SNX-230) 


.32 


MVnB (SNX-159) 


.101 


GVIA (SNX-124) 


.134 


SNX*198 


.160 


SNX-191 


.165 


TVIA(SNX-185) 


.228 


SNX-196 


.426 


RVIA (SNX-182) 


.893 


SVIB <SNX-183) 


1.5 


GVIIA(SNX-178) 


3.70 


SNX-197 


113 


SVIA(SNX-157) 


1460. 
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15 



20 



25 



30 



Similarly, IC50 and K, values for conqxwBd binding to the 
SVIB (SNX-183) binding site can be calculated, as above, 
by detennining the of labeled OCT SVIB (SNX-183) or 35 
OCT MVnC (SNX-230) binding to a synaptosomc 
preparation, then using conq)etitive displacement of the 
labeled compound by the test compound, to determine the 
IC50 and Ki or relative potency values of tfie test con^xnind. 
FIGS. 4A and 4B show computer-fit competitive binding ^ 
curves for several omega-conopeptides whose binding to tiie 
SVIB (SNX-183) and/or MVnC (SNX-230) binding sites 
was examined. From these curves, IC50 values were deter- 
mined as above. 

Tables 2 and 3 list the relative potencies for binding of 
various omega-conopq>tides to the site 1 and site 2 binding 
sites, and show the ratio of Ki or IC» values determined for 

50 

binding of each compound to the sites. 

TABLE 2 

J^j mvrry of cokofeptides for sttr i and site 2 

55 

Ki (oM) for coQ^etitkm' Sdoctivity^ 
^ feE 

CompouDd I'^l-SNX-m |"n|.SNX-230 sHe 1 site 2 

SNX-lU QJ002 150 75.000 1 ^0 

SNX-183 0.43 6 14 1 

SNX.230 . ^ 0.20 Oj03 17 



'Ki values were derived from analysis of oompetitive bizidiag perfomied as 
described in FIG. 1. 

^Selectivity is expressed as the latio of the Ki vahie decenaiDed for coinpe- 
titioa with higb-affinity ["^].SNX-230 bindiiig divided by tbe Ki value for 
competitioD with ['"rj-SNX-lll bindipg. 



TABLE 3 

SEUEcnvrry OFCONOPEFnPESFOR sm i and sm 2 

ETjo (^) fof competition Selectivity' 

with: 

Compouiri |»"I|-SNX-1U | »"I|-SNX-230 site I site 2 

SNX-199 0.09 5,000 56XX30 1 

SNX-236 0.03 1 .500 50J0O0 1 

SNX.239 0j09 10,000 111,000 1 



'Selectivitty is expressed as the ratio of the Kl^t value detemuned for 
competitian with |'^I)-SNX-230 bindipg divkled by the IC30 vahie for 
competition with |'^I)-SNX-111 biodiiig. 

3. Selective Inhibition of Neurotransmitter Release. 
Omega-conopeptides inhibit neurotransmitter release in 
various regions of the nervous system. As shown below, 
such inhibition varies according to the neurotransmitter, the 
omega-conc^>eptide. and the region studied Neurotransmit- 
ters which can be measured, in accordance with various 
aspects of the invention, include, but are not limited to 
dopamine, norepinephrine, acetylcholine. GABA. 
glutamate. and a number of peptide neurotransmitters, such 
as calcitonin gene^elated peptide (McGeer. et al.. 1987). 

Quantitation of release and inhilntion thereof is deter- 
mined by sensitive detection methods, also known in the art, 
including direct detection of release of endogenous stores by 
HPLC or spediic radioimmunoassay (RIA). and detection of 
release of pre-loaded, labeled compound. Alternatively, or in 
addition, detection of release may be achieved using a 
number of indirect assays, exemplified by the electrophysi- 
ological studies described above, in which whole tissue 
response to electrical or chemical stimulation is measured. 

Inhibition of release of the neurotransmitter nQrq)ineph- 
rine from neuronal cells can be assayed in a number of 
systems known in the ait. and, particularly, in mammalian 
tn-ain hippocampal slices by standard methods, such as 
detailed in U.S. Pat No. 5364,842. According to the data 
shown therein, SNX-lIl inhibits release of nc^pinephrine 
with high potency (ICso^l nM) but only partially (approx. 
60%). SNX-183 is much less potent (IC^»I80 nM) but the 
inhibition is substantially 100%. SNX-230 also inhibits 
release cQnq)letely. but in a biphasic manner, inhibiting 
approximately 50% with high potency (IC5o=0.02 nM) and 
50% with much lower potency (IC5o=65 nM). These results 
suggest that such norepinephrine rdease is mediated by at 
least two distinct subtypes of presynaptic calcium channels, 
one of which c(»responds to the site 1 receptor identified by 
high afiBnity for SNX-Ul and the other to the site 2 receptor 
recognized |»:eferentially by SNX-230. 

Further means of measuring inhibition of neuronal trans- 
mitter release are isolated tissue assays, such as atrial strip, 
aorta, vas deferens and guinea pig ileum assays, in which the 
response to a stimulus, usually an electrical stimulus, is 
correlated to the amount of neurotransmitter released from 
neurons innervating die tissue (Kenakin, 1987). In the 
guinea pig ileum, inhibition of electrically stimulated con- 
tractions is correlated with inhibition of acetylcholine — 
release, as demonstrated by the ability of cholinergic ago- 
nists to overcome such inhibition. Example 3 describes the 
prq>aration and assay in detail Table 4 shows the IC30 
values for various omega-conopeptides on contraction of 
guinea pig Deum in response to electrical stimulation. 



I-FHECI^ OF CONOPEPHDES ON ELECTRICALLY 


smOJLAIED CONTRACTION OF GUINEA PIG ILEUM 


Compound 


ID„ (nM> 


SNX-IU 


13 


SNX.185 


29 


SNX-183 


91 


SNX-157 


>100 
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efiFective io preveniing its progression. Such "neuro- 
TABLE 4 patholytic" omcga-conopq)tides may be distinguished and 

selected by their abilities (a) to inhibit voltage-gated calcium 
channels selectively in neuronal tissue, as evidenced by the 
5 peptide's ability to inhibit electrically stimulated contraction 
of the guinea pig ileum, and (b) to bind to omega conopep- 
tide NfVIIA binding sites present in neuronal tissue. Such 
binding to omega conopeptide MVIIA binding sites (site 1. 
as described herein) is selective, as evidenced by relatively 
10 high binding afiEnity at such sites, as compared to binding at 
an omega conopeptide site 2 (described herein as a high 
affinity binding site for SNX-230 or SNX-183). Such selec- 
n. Treatment of Neuropathic Pain tivity can be measured by the selectivity ratio illustrated in 

U.S. Pat. No. 5364,842 describes analgesic properties of Tables 2 and 3, above, 
selected omega-conopeptides. This discovery was extended 15 Moreover, in accordance with the invention, it has been 
to include treatment of neur<^thic pain as disclosed in found that neuropatholytic omega-conopeptides are effec- 
co-owned U.S. patent ^>plication Ser. No. 08/049.794. filed tive as analgesic agents both in traditional opiate-sensitive 
Apr. 15 . 1993, and incorporated herein by reference. It is the models of nociceptive pain, such as the Rat Tail-Flick test or 
discovery of the present invention that i^ogression of neu- t^e rat hind-paw fonnalin test, as well as in opiate-resistant 
ropathic pain can be retarded in a subject exhibiting early 20 models of pain, such as chronic constriction injury models 
stage symptoms of neuropathic pain, particularly by provid- neuropathic pain. 

ing locaUzed delivery of N-type VSCC blocking con^wunds g Treatment Modes fcr Preventing Progression of Ncuro- 
to the neuropathic site. ^thi^ 

A. Prevention of ftogression of Neuropathic Pain ^ invention is not intended to be limited 

In gcnexal, while brainpafew^^ ^ adherence to any particular theory of underlying 

of pam are sUU mcomj^etdy uiiderstood. sea«)ry a^nt J^j^^^ ^^J^ ^^.i^t^nt with the inven 

syn^Uc connections to tiie spinal cord, tenned "noaccptive i*^**-*-""^*". / 

lithways- have been documented in some detaU. In the to acute nociception leads to alteraUon of signal 

leg of such pathways, C- and A-fibcrs which project from transduction mcchamsms in pain pathways. Under this 
peripheral sites to the spinal cord carry nociceptive signals. theory, mtcrference with such signal transduction by block- 
Polysynaptic juncUons in the dorsal hern of the q)inal cord 30 ade of N-type VSCC's prevents this alteraUon. 
arc involved in nociceptive processing and in the relay of It is a discovery of the present invention that N-type 
sensations of pain to various regions of the brain. Analgesia. calcium channel blocking omega-conopeptides are cflFectivc 
or the reduction of pain perception, can be effected directly to prevent development of or {progression of neuropathic 
by decreasing transmission along such nociceptive path- pain* when administered perineurally to affected skin 
ways. Modulation of nociception is achieved by neural 35 regions characterized by proliferation of neurite outgrowth 
pathways descending from the cortex and hypothalamus to subsequent to nerve damage. 

the n^sence{4ialic central grey region, medullary reticular Perineural administration can be by tofncal means, either 
formation, and ultimately, the dorsal horn of the spinal cord. directly or with the use of a transdermal applicator. 
Analgesic opiates are thought to act by mimicking the effects Alternatively, perineural administration may be effected by 
of endoq)hin or enkephalin pq>tide-containing neurons, 40 subdermal injection. The resulting blockade of calcium 
which synapse pr esynaptically at fte C- or A-fiber terminal channels reduces the heightened sensation produced by 
and which « when they fire, inhibit release of transmission toough the neurite proliferation. Perineural 
neurotransmitters, including substance P, excitatory amino delivery may also be effected by forming a cuff around the 
acids and calcitonin gene-related peptide (CGRP). Descend- damaged nerve, preferably of a biodegradable matrix which 
ing pathways from the brain are also inhibitory on C- and 45 includes a therapeutic N-type calcium channel blocking 
A-fibcr firing. conqxtund. Alternatively or in addition, the ther^>eutic 

While neuropathic pain is known to have a number of compound can be placed in close proximity to the damaged 
underlying etiologies, it is diaracterized by a distinct set of nerve by conjugating the compound to or coating the com- 
symptoms. As described in greater detail below, these can pound on a nerve ^lint designed for repairing damaged 
include enhanced sensitivity to innocuous thermal- 50 nerves. Examples of such nerve splints are provided by U.S. 
mechanical stimuli, abnormal sensitivity to noxious stimuli, Pat Nos. 4334349 and 4,920.962. 
tenderness, and spontaneous burning pain. Neuropathic pain Perineural delivery may also be effected by incorporating 
is also progressive in nature, in that it generally worsens N-type calcium channel blocking compounds into suture 
over time. Known treatnoent methods treat the synq>toms matoials, and using these materials to suture damaged 
without necessarily lessening the underlying pathology. 55 tissues. This method is particularly useful for delivery oi 

Although the present invention should not be limited by compound in areas where it is desirable to provide for 
a particular theory of underlying mechanism^ it has been inhibition of progression of neuropathy concomitant to 
observed that chronic neuropathic pain in humans is accom- tissue damage. U.S. Pat, No. 5308,889 describes a coUagen- 
panled by changes in excitability of primary nociceptive based suture material that may be suitable for use for 
afferents. This phenomenon is known as "nociceptor sensi- 60 ther^utic delivery of N-type calcium channel blocking 
tization** and is characterized by increased excitability of the compounds. 

afferents to normally subthreshold stimuli It is the discovery Oneparticularly useful means for delivering compound to 
of the is-esent invention that treatment with omega conopep- perineural sites is transdermal delivery. This form of deliv- 
tides and, more generally, N-type VSCC blockers, inhibit cry can be effected according to methods known in the art 
this phenomenon. 65 Generally, transdermal delivery involves the use of a trans- 

In accordance with the present invention, omega- dermal'*patdi- which allows for slow delivery of compound 
concpeptides uscfril in treating neuropathic pain are also to a selected skin region. Although such patches are gener- 
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ally used to provide systemic delivery of compound, in the 
context of the present invention, such site-directed delivery 
can be expected to provide increased concentration of com- 
pound in selected regions of neurite proliferation. Examples 
of transdermal patdi delivery systems are provided by U.S. 
Pat. No. 4,655,766 (fluid-imbibing osmotically driven 
system), and U.S. Pat No. 5.0<H,610(rate controlied trans- 
dermal delivery system). 

For transdermal delivery of peptides, such as omega- 
conopeptides described herein, transdermal delivery may 
preferably be carried out using iontophoretic methods, such 
as described in U.S. Pat. No. 5.032,109 (electrolytic trans- 
dermal delivery system), and in U.S. Pat No. 5314,502 
(electrically powered iontophoretic delivery device). 

For transdemial delivery, it may be desirable to include 
permeation enhandng substances, such as fat soluble sub- 
stances (e.g.. aliphatic carboxylic adds, aliphatic alcohols), 
GflT water soluble substances (e.g.. aikane polyols such as 
ethylene glycol, 1.3-propanediol, glycerol, propylene 
glycol, and the like). In addition, as described in U.S. Pat 
No. 5362,497, a "super water-absorbent resin" may be 
added to transdermal formulations to further enhance trans- 
dermal delivery. Exanq)les such resins include, but are not 
limited to, polyacrylates, saponified vinyl acetate-acrylic 
acid ester copolymers, cross-linked polyvinyl alcohol- 
maldc anhydride copolymers, saponified polyacrylonitriie 
graft polymers, starch acrylic add graft polymers, and die 
like. Such formulations may be provided as ocduded dress- 
ings to the region of interest, or may be provided in one or 
more of the transdermal patch configurations described 
above. 

For delayed release, the N-type calcium channel blocking 
conq)ound may be induded in a pharmaceutical composition 
for formulated for slow release, such as in microcq>sules 
formed from biocconpatible polymers or in liposomal carrier 
systems according to metiiods known in the art. 

For continuous release of peptides, the pqptide may be 
covalently conjugated to a water soluble pdymer. such as a 
polylacdde or biodegradable hydrogd derived from an 
amphipathic block copolymer, as described in U.S. Pat No. 
5.320.840. Collagen-based matrix implants, such as 
described in U.S. Pat No. 5,024,841, are also useful for 
sustained delivery of peptide therapeutics. Also useful, par- 
ticularly for subdermal slow-release delivery to perineural 
regions, is a ooixq>osition that indudes a biodegradable 
polymer that is self-curing and &at forms an implant in situ, 
after delivery in liquid form. Such a composition is 
described, for example in U.S. Pat No. 5,278202. 

The method of the invention also includes local admin- 
istration of compound to those regions of the spinal cord, 
such as to dorsal h<m regions at affected vertebral levds, 
where polysynaptic relay of pain sensation occurs. This type 
of local application can be effected by intrathecal 
administration, as described in above-referenced co-pending 
application U.S. Ser. No. 08/049,794. Intrathecal adminis- 
tration delivers con^xHind directly to the sub-arachooid 
space containing cerebral spinal fluid (CSF). While 
effective, this metfiod requires precise technical expertise to 
ensure delivery to the correct spot 

It is appreciated that delivery to spinal cord regions can 
also be by epidural injection to a region of the spinal cord 
' exterior to the arachnoid membrane: It is further ap^ 
that when the N-type voltage-sensitive calcium channd 
(VSCC) blocking compound is an onaega con<^)q)tide, it 
may be advantageous to add to the conopeptide ooii^Msition 
means for enhandng permeation of the conopeptide through 
meningeal membranes. Such means are known in the art and 
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include liposomal encapsulation, or addition of a surfactant 
or an ion-pairing agent to the peptide composition. 

Alternativdy. or in addition, increased arachnoid mem- 
brane permeation can be effected by administering a hyper- 
s tonic dosing solution effective to increase permeability of 
meningeal barriers. 

N-type caldum channd blocking compounds can also be 
administered by slow infusion. This method is particularly 
useful, when administration is via the intrathecal or epidural 
10 routes mentioned above. Known in the art are a number of 
implantable or body-mountable pumps useful in delivering 
compound at a regulated rate. One such pump described in 
U.S. Pat. No. 4.619,652 is a body-mountable pump that can 
be used to deliver compound at a tonic flow rate or at 
IS periodic pulses. An injection site directly beneath the pump 
is provided to deliver compound to the area of need, for 
exanq)le, to the perineural region. 

In other treatment methods. N-type calcium channel 
blocking compounds may be given orally or by nasal 
20 insufflation, according to methods known in the art For 
administration of peptides, it may be desirable to incorporate 
such peptides into microcapsules suitable for oral or nasal 
delivery, according to methods known in the art. 
EfGcacy of the foregoing methods of treatment are con- 
25 veniently measured in the allodynia model described in 
Example 4 herein. In this model of peripheral neuropathy, it 
has been observed that neuropathic pain progressively 
increases over days 1-7 after the nerve insult, with a plateau 
of pain response thereafter. To measure ability of a com- 
30 pound to prevent such progression, compound is given just 
before, during or after nerve insult, and threshold pain 
re^nses are measured on days 1-7 thereafter. I^evention 
of progression of neuropathic pain is observed when there is 
a heightened threshold to pain stimulus during days 1-7 or 
33 where there is a prolongation of time to plateau, as compared 
to control animals. E£Elcadous dosages and formulaticHis 
determined in fliis model are extrapolated to equivalent large 
animal and human dosages, according to methods known in 
the art 

40 C. Therapeutic Indications 

As stated above, neuropathic pain may result from a 
number of sq>arate etiologies. Generally, progression of 
such pain may be treated aco^ding to any of the methods 
described herein. However, in many cases it will be prefer- 
4S able to treat the pain in a manner that addresses its specific 
source. For example, when the pain is traceable to injury of 
a particular nerve fiber, it may be appropriate to treat such 
pain either by perineural plication of compound to the 
affected nerve or by dermal application of compound to the 
50 affected region. 

While a discussion of specific formulations and modes of 
delivery can be found in foregoing Section 113. and in 
Section ILF. below, fliis section sets foitii some exerx^ilary 
indications for which treatment according to the methods of 
55 the present invention may have particular therapeutic utility. 
The indications described below are by no means 
exhaustive, but are presented to illustrate some of the 
various ther^utic situations in whidi neuropatholytic 
N-type caldum channel blocking ccHttpounds can be used. 
60 1 . ophthalmic indications. The eye is a heavily innervated 
organ. The cornea in particular is heavily innervated with 
C-fibCTS. coritairung"ah estimated 3^^4(X)0 fiber endings par 
mm^ compared to an estimated 3-600 fiber endings per mm^ 
of skin. Injury of the nerve fibers can lead to neuropathic 
65 pain of ophthalmic origin. In accordance with the present 
invention, the eye may be treated with N-channd blocking 
conqKwnds and particulariy with omegaconopq)tides. to 
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prevent progression of neuropathy. Application of com- D. Oraega-Conopcptides 

pound may be achieved by topical administration to the eye. In accordance with this invention, ncuropatholytic 

or. in more severe cases, by means of suprachoroidal admin- omega-conopeptides conform to certain jAysicai and chcrai- 

istration. Such administration may be conveniently achieved cal constraints, as described below. Generally, omega- 

by providing a suprachoroidal implant which includes, for 5 conopcptides useful in the treatment methods arc those 

example, omega conopeptide SNX-IU. U.S. PaL No. 5,164. which are 25-35 amino acids in length and which have Ihree 

188 describes a biodegradable implant that is suitable for <^^^<^l ^ specified positions along thcur length, 

chronic and controlled administration of compound to the ^^^^ ^.'^ ^ ^"^^"^ ^r^'l wf" ' 

suprachoroidal space. Chronic, implanted theiapeutics are ^" "'^^'Im^ Ji" ^L^^n 

1 • J- * J u*i. I • -1. iT occumng active omega-conopq>tides were grouped into 

also mdicated after ophthalimcsiuger^^ lo distinct groups I and n, each with internal homologies 

for detached retina or macular holes, where nerve damage ^^^^ ^ ^'^ ^^^^ as can be appreciated from FIG. 5. 

may result. . ^, . . Group I includes active omcga^onopepUdcs MVIIA (SNX- 

2. Dental indicaUons, Delivery of N-channel blocking MVIIB (SNX-159) and SNX-239. which possess 
compounds to regions of dental rqwir, such as endodontic binding constants to the MVIIA site within the range of 
repair concomitant to a root canal procedure, may be desir- 15 con^KXinds showing activity in treating pain. Group D 
able as a means of preventing progression of dental neur- includes TVIA (SNX-185). SNX-207 and SNX-236, which 
opathy. Here, the therapeutic compound may be included in also possess binding constants in the range of compounds 
or added to one or more of the polymer based materials or for analgesia. A third group includes inactive peptides SNX- 
resins inserted into the root canal after removing the pulp 231. and SVIA (SNX-157) and omega-conopeptides whose 
from the region, in accordance with standard techniques 20 binding activities for the MVIIA site on neuronal mem- 
known in the art. branes and/cr activity in norq)inephrine inhibition are out- 

3. Bum injury. Burn injuries are characterized by primary side the range of active con[^x>unds. 

hyperalgesia to thermal and mechanical stiimili. In accor- The three groups of omega-con€^>eptides are arranged in 

dance with the principles discussed above, treatment of FIG. 5 with their six Cys residues aligned, which places 

burned regions with N-type calcium channel blocking com- 25 these residues at positions 1, 8, 15. 16. 20. and 28. To make 

pounds may reduce progression of the hyperalgeslc response this alignment g^s were introduced at the positions shown 

by interfering with signal transduction mechanisms of noci- io the three groups. In the analysis below, these gaps retain 

ceptor sensory receptors. In this embodiment of the the assigned number shown in FIG. 5. even though they 

invention, the therapeutic compound can be q)plied directly represent amino add deletions in the respective groups of 

to the affected regions, or can be applied in a formulation 30 active omega-conopeptides. 

that includes a protective biopolymcr matrix, such as an Sequence variation in the peptides, based on primary 

artificial skin matrix. structure alone, was analyzed by adopting the fc^owing 

4. Reflex sympattietic dystrophy (RSD). RSD is thought constraints: 

to be due to abnOTmalities in the peripheral nervous system, 1. The peptides in both active groups (I and H) include the 

and more particularly, to sensitization of cutaneous soma- 35 Cys residues at position 1, 8. 15. 16, 20, and 28. Other Cys 

tosensory afferents. Synq}athetic outflow is thought to acti- residues could be substituted at the positions indicated 

vate f od of ectopic neural hyperexdtability. TYeatmcnt of below only if they are seiectivdy protected during oxidation 

this condition to prevent its progression may be effected by of the peptide to form die three disulfide linkages, 

any of the various dermal (topical) or subdermal routes 2. The peptides in the active groups include three disulfide 

delivery discussed above. Perineural delivery may also be 40 linkages connecting die Cys residues at positions 1 and 16, 

indicated for this condition. 8 and 20, and 15 and 28. As described above, the disulfide 

5. Post-herpctic neuralgia. Post-herpetic neuralgia is bridges are fonned by air oxidation of the full sequence 
characterized, in its acute phase, by intraneural inflammation peptide in the presence of DTT. The ability of die pq>tide to 
whidi can cause damage to primary afferent axons. This form the diree desired disulfide linkages would (herefore 
damage may result in abnonnal sensitivity to cutaneous 45 require that the peptide, prior to disulfide bridging, be able 
stimuli. In general the mode of treatment to prevent pro- to adopt a conformation which allows the three selected 
gression of abnmnal sensitivity wiU depend on the location linkages, with or without the Cys protecting-group strategy 
in the body of the affected nerve(s). Perineural or topical discussed above. This constraint would thus exclude amino 
delivery of therapeutic N-type caldum channel blocking acid variations which prevent or otherwise hinder the for- 
compound is indicated in this condition. 50 mation of the three selected bridges. 

6. Diabetic neuropathy. Neuropathy of primary afferent Constraints 1 and 2 preserve the basic conformation of the 
axons in long nerves is found in diabetic patients. This omega-conopeptides imposed by ttie three disulfide bridges, 
results in the dying-back and attenq>ted regeneration of 3. ^^thin Group I. the amino add variations which occur 
distal tips of primary afferent axons of these nerves. Nod- at the six non-conserved residues are allowed, including 
ceptor sensitization may ensue. Such sensitization and its 55 pqitides in which the carboxy terminus is amidated or has a 
progression may be treated according to one or more of the free add fornL That is, the first group compound derivatives 
treatment methods described herein. In particular, perineural indude the peptide structures having the form: SEQ ID NO: 
or topical appUcation of therapeutic compound wiU be 22-Xi-SEQ ID NO: 23-X2-X3-X4-X5-SEQ ID NO: TA-X^- 
indicated, in accord witfi the location of die affected nerve SEQ ID NO: 25-X7-SEQ ID NO; 26-t, where X,=K or S; 
and nerve beds. 60 X2=S or H; X3=R, L, or A; X4=L or T; X5=M or S; X^=li 

7. Arthritis. Arthritis is characterized by enhanced sensa- or a deletion; SEQ ID NO 25 is R; Xt^^S or deletion, and tr=& 
Hon of pain via articular afferents. N-type~ calcium channel caiboxy or amidated carboxyterminal group, and where 
blocking compounds find utiUty in treatment of sudi pain SEQ ID NO: 22 is C K G K G A; SEQ ID NO: 23 is C; SEQ 
according to the prindples set forth in the present invention. ID NO: 24 is Y D C C T G S C; and SEQ ID NO: 26 is G 
Generally, in treating articular afferents, therapeutic com- 6S K C. 

pound will be administered perineurally, in the vidnity of 4. ^thin Group EL the amino acid variations which occur 

the affected joint. at the eig^t non-conserved residues are aUowed. including 
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peptides in which the carboxy terminus is amidated or has a requisite calcium channel antagonist activity, and the req- 

free acid form. Thus, the second group compound deriva- uisite activities for inhibition of neurotransmitter release and 

lives include the peptide structures having die form: SEQ ID binding to the appropriate OCT binding site of neuronal 

NO: Zl-XiX^XySEQ ID NO: 28-X4-SEQ ID NO: 31-t membranes, as described above. 

where Xi=X or R: X2=T or L; Xy=S or M. X4=X P, and 5 Several of the amino acid substitutions or modifications to 

t=a caiboxy or amidated carboxytermiaal group, and where the omega-conopeptide illustrate the principles outlined 

SEQ ID NO: 27 is C L S X G S S C S; SEQ ID NO: 28 is above. 

Y N C C R S C N; and SEQ ID NO: 3 1 is Y S R K C R. Omega-conopeptides which are selected on the basis of 

5. Considering both active groups together, amino acid these criteria, discussed in detail below, are tested for ability 
positions which are conserved in all active species are 10 to produce analgesia in a standard test of analgesia, such as 
preserved. Thus, for exan^le. the Cys residues, the the Rat Tail-Flick test, wherein analgesia is measured by a 
S-position glycine, the i3-position tyrosine, the 19-position prolongation of reaction time to a noxious radiant heat 
serine, and the 26-position lysine are all preserved. Ftef erred stinuilus. 

OCT analogs or derivatives may be selected by comparing. E. In vitro Properties of Neuropatholytic Omega- 

for purposes of inter- sequence conservation and 15 Conopeptides 

substitution, those sequences known to be active. For L Calcium Channel Blocking Activity. 

exanq}le. in the case of the treatment of pain, omega- Caldum channel blocking activity was measured electro- 

conopepUdes MVIIA (SNX-111), SNX-239. SNX-199. physiologically in neuronal (NlE-1 15 or IMR-32) ceU lines, 

TVIA (SNX-185) and SNX-236 are known active com- as described in Section n. Omega-conopeptides having 

pounds. Active derivatives are those pq>tides having, in 20 calcium channel blocking activity are those which block 

addition to the conserved cysteine residues described above. calcium currents in such cell lines with potencies in the 

a conserved glycine residue at position 5. conserved serine range observed for omega-cooc^ptides MVIIA and GVIA 

residues at positions 9. 19. and 24. and a conserved lysine in NlE-115 ceils. 

residue at position 26. Inter-sequence substitution of van- 2. High Affinity Binding to OCT Binding Sites. Methods 
able residues is dien preferable in the formation of active 25 for determination of binding afSnity to OCT binding sites 
analogs. For exan^le. analog position 2 may be occupied by arc detailed in Examples 2-3, below, 
a lysine or a leucine residue, and position 6 may be occiq)ied Con^XHinds were tested for their ability to displace bind- 
by an alanine or a serine residue. ing of SNX-llL SNX-i83. or SNX-230 from their respec- 

6. Considering both active groups together, there are tive binding sites (site 1 and site 2. as described above). In 
amino acid positions which are likely to be variable within 30 displacing SNX-111. it was found that compounds having 
the range of active species. For example, the position 2 analgesic activity, such as OCT MVIIA (SNX-111). SNX- 
amino acid may be lysine or leucine, the position-3 amino 239. SNX-236, SNX-199 SNX-159 and TVIA (SNX-185), 
add may be glycine or serine, and the position 4 amino acid, have ICjo values between about 15 and 300 pM. and K; 
hydroxyi^oiine or arginine. In addition, if the two or more values between about 1 and 100 pM. In contrast inactive 
amino adds at a variant position are in a common substi- 35 compound SNX-183 had an IC50 of greater than 1000 pM 
tution dass, substitution within that class may be favorable. fcx binding at the MVIIA site. 

Standard substitution dasses are the six classes based on From the fcH*egoing, it is seen that active conqx>unds in 

common side chain properties and highest frequency of accordance witti the invention are characterized by a high 

substitution in homologous proteins in nature, as binding affinity for MVIIA binding site 1. The binding 

determined, for example, by a standard Dayhoff frequency 40 affinity for these sites may be characterized as follows. In die 

exchange matrix (Dayhoff). These dasses are Class I: Cys; first approach, the binding affinity of the coixqx>und for 

Class n: Ser. Thr. Pro. Hyp. Ala. and Gly, rqn-esenting sniall binding site 1, as estimated by IC50 in displacing MVIIA 

aliphatic side chains and OH-group side chains; Class m: from the site, is compared directly with those of sdected 

Asn. Asp. Glu, and Gin, representing neutral and negatively high affinity active compouiKls. such as SNX-111 and SNX- 

chaiged side chains capable of forming hydrogen bonds; 45 1 85. An active conqxxind is one whose binding affinity is at 

Class IV: His. Aig. and Lys, representing basic polar side least as high as and preferably widun the range of binding 

chains; Class V: De. Val. and Leu, representing branched affinities measured for sudi high affinity OCr*s. Secondly, 

aliphatic side diains. and Met; and Class VI: Phe. lyr. and the binding afSnity of the test compound can be character- 

IVp. rqu-esenting aromatic side chains. In additton, each ized by binding to binding site 2. as estimated by IC50 in 

group may indude related amino acid analogs, such as so displadngMVnC (SNX-230) or SVIB (SNX-183) from the 

ornithine, homoaiginine, N-methyl lysine, dimethyl lysine, site. Thirdly, the binding affinity of the con^wund can be 

or trimethyl-lysine in class IV, and a halogenated tyrosine in characterized by the ratio of binding constants or relative 

Group VL Further, the classes may include both L and D affinities of the compound for site 1 and site 2. as just 

stereoisomers, although L-amino adds are prefeired for described. Here an active compound is one whose binding 

substitutions. 55 ratio is within the range for the selected active peptides, such 

7. Considering die known inactive species, substitutions as MVHA (SNX-111) and TVIA (SNX-185); Le., the bind- 
to amino acids which arc present in inactive species, but not ing ratio is substantially within the range of the ratio 
active ones, at any sdected residue position, are not favored observed for the omega-conopeptides MVIIA and TVIA. 
to preserve activity in the active compounds. Thus, for A number of omega-conopeptide conqxxmds which were 
exainple. although a 3-position serine is fH^sent in both 60 tested gave IC50 and values lower dian or within the 
active and inactive compounds, 4-position serine or threo- ranges of those of omega-conopeptides MVIIA (SNX-111) 
nine is present in inactive species only, and either substitu- and TVIA (SNX-185) far binding at the SNX-111 site, as 
tion is thus disfavored. shown in Table 1. and these compounds should thus be 

The above amino add selection rules 6-7 are intended as considered candidates as analgesic compounds. In addition 

a guide for allowed amino add substitutions widiin active 65 active compounds have relatively high selectivities of 

omega-conopeptides. Once an amino add substitution or binding, equivalent or greater than those of MVIIA and 

modification is made, the peptide is further screened for the TVIA, as shown in Tables 2 and 3. However, some of these 
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coiiqxxjQds. may not fulfill additional criteria for analgesic 
conqxxjnds of the invention, as described herein. 

3. Inhibition of neurotransmitter release. Another requi- 
site property of analgesic OCT conqx>unds. in accordance 
with the invention, is their ability to specifically inhibit 
depolarization-evoked and calcium-<lcpendcDt neurotrans- 
mitter release from neurons. For example, it is shown here 
that analgesic omega-conq)eptides inhibit of electrically 
stimulated release of acetylcholine at the myenteric plexus 
of the guinea pig ileum (Example 3). This inhibition is 
associated anti-nociceptive activity, as seen in Table 4. 
Omega-conopeptides having analgesic activity have ICjo's 
in the range of those values observed for active omega- 
conopeptides MVIIA(SNX-lll) andTVIA (SNX-185), or 
less than approximately 50 nM. as observed in this assay. 

4. In vivo Measurements of Neuropathic Analgesia. 
Relief ci neuropathic pain is conveniently measured in 

one or more of a number of animal models known in the art. 
in which an animal *s response to a given pain stimulus is 
measured following experimental production of neuropathy. 
Inhibition of progression of the neuropathic condition can 
also be measured in this model, when measurements are 
taken in individual animals over time following the experi- 
mental neuropathic insult. While nonnal progression of the 
condition will be expected to result in animals (hat are 
increasingly sensitive to a given pain stimulus over time, 
inhibition ci this progression will be observed as a leveling 
or diminishing of response to pain stinuilus with time. 

One demonstrated model of neuropathic pain resembles 
the human condition termed causalgia or reflex sympathetic 
dystrophy (RSD) secondary to injury of a perijAcral nerve, 
lliis condition is characterized by hyperesthesia (enhanced 
sensitivity to a natural stimulus), hyperalgesia (abnormal 
sensitivity to pain), allodynia (widespread tenderness, char- 
acterized by hypersensitivity to tactile stimuli), and sponta- 
neous burning pain. In humans, neuropathic pain tends to be 
chronic and may be debilitating. This type of pain is 
generally considered to be non-responsive or only partially 
responsive to conventional opioid analgesic regiments 
(Jadad. et aL. 1992). In accordance with the invention, 
neuropaiholytic N-type VSCC blocking conqxwnds are 
effective in providing relief d neuropathic pain, as described 
below. 

Experiments carried out in support of the present inven- 
tion were performed in a rat model of perif^ieral neuropathy 
detailed in Exanq>le 4. Briefly, in the model used, rats are 
subjected to a surgical i^ocedure. described by Kim and 
Chung (1992) and Bennett and Xie (1988) designed to 
reproducibly injure peripheral nerves (spinal nerves L5 and 
Ij6). These rats develc^ a hyperestbetic state, which can be 
measured, using one or more paradigms known in the art 
Here, mechanical aUodynla was measured by stimulation of 
neuropathic rat hindiimb using wire hairs having graded 
degrees of stiffness. Analgesic compounds reverse the 
heightened sensitivity such animals exhibit to the stimulus. 

FIG. 6 shows results in the allodynia test of animals 
treated with SNX-111 (6A), SNX-239 (6B), SNX-159 (6C) 
and SNX-230. Data are expressed as percent maximum 
effect where the maximum effect indicates a complete 
reversal of surgically induced allodynia, or relative insen- 
sitivity to stimulus (maximum equals 15 gram hair 
stimulus). A baseline of zero indicates a mean sensitivity to 
a wire hair graded at less than 3 grams. As shown in FIG. 
6A, treatment of rats (n=ti/treatmcnt) with 1 <x 3 \ig SNX- 
111 resulted in elevation of threshold response. Peak eleva- 
tion of response due to drug treatment (reversal of allodynia) 
was observed by 30-60 minutes, and effects lasted in excess 
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of 60 minutes. SNX-239 showed significant analgesic 
effects at a dose as low as 0.33 pg. and evoked a prolonged 
analgesic respcmse of at least 2 hours, as indicated. SNX-159 
was also effective against neuropathic pain in this test at 

- submicromolar doses (FIG. 6C), while SNX-230was inef- 
fective at such doses QFIG. 6D). 

RGS. 7A and 7B show dose response curves derived from 
the data shown in FIGS. 6A and 6B. These resuhs indicate 
that analgesic omega conotoxin peptides, exemplified by 
SNX-111. are capable of reversing the hyperestbetic effects 

10 induced by nerve damage. 
F. Dosages and Formulations ■ 

From the foregoing, it can be appreciated that treatment 
with N-channel blocldng compounds and. more particularly, 
omega conopq>tides having binding and inhibitory activities 
with^ the range of activities defined by omega conopeptides 
MVnA (SNX-111) and TVIA (SNX-185) are useftil in 
preventing progression of neuropathic pain. Generally, dos- 
ages and routes of administration of the compounds will be 
determined according to die site of the pain and the size of 
the subject, according to standard pharmaceutical practices. 

20 Intrathecal administraU'on. either as a bolus dosage and as a 
constant infusion, can be used for treatment and prevention 
of progression of neuropathic pain. In preferred 
embodinkents. dosages equivalent to at least 0.1-3 pg 
intrathecal SNX-111 in rats are effective against peripheral 

25 neuropathy of the hindiimb. It is also appreciated that 
compound can be administered perineurally, for example by 
topical or subdermal application to cutaneous regions having 
affected nerve endings, according to meftods known in the 
art In addition, administration may by q)idural means, as 

3^ discussed below. 

Stabilized formulations, as described in Section LB 
above, are useful in storing and administering therapeutic 
omega conopq)tides according to the methods described 
herein. While it may be desirable to neutralize the solutions 
prior to administration, formulations utilizing lactate or 
acidified saline as exdpient may also be administered 
directly via acute intrathecal bolus injection or by other 
routes for which acidified exdpients are appropriately used. 
Neutralization, if required, can be accon^lished by dilution 
into a pbarmaceutically acceptable neutralizing excipient 

40 buffer, just prior to injection into the subject FIG. 9 shows 
the results of experiments demonstrating that SNX-111 
administered as a methionine-lactate formulation was as 
effective as SNX-111 alone in reducing neuropathic pain. 
For some {plications, it may be desirable to include in 

45 the omega conopeptide composition or treatment regimen 
means for enhancing permeation of the conopeptide through 
meningeal tissues wliich may surround the damaged or 
target nerve. Means for enhancing transport of compound 
are known in the art and may include encapsulating the 

^ conopq>tide in liposcmal membranes, addition of a surfac- 
tant to the composition, addition of an ion^airing agent and 
the like. Alternatively, or in addition, transmeningeal trans- 
port may be facilitated by administering to the subject a 
hypertonic dosing solution effective to disrupt meningeal 
barriers, according to methods well known in the art 
Alternatively, trans meningeal or transcutaneous transport 
may be facilitated by modifying the primary sequence of 
omega-conopeptide. for example by substituting neutral 
amino add sidecfaains or hydro^obic moieties for cationic 
residues. 

60 The following examples are intended to illustrate various 
characteristics of the method of the invention, but are in no 
way intended to limit the scope of the invention. 

EXAMPl^ 1 

^ Rrq)aration of OCT Peptides 

Abbreviations used in this example are BOC, tertiary 
butoxycarbonyl; DCM. dichloromethane; TFA, trifluoroace- 
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tic acid; IPM, N-isopropylmoipholinc; BOC-AA-OH. BOC 
amino acid; DIEA. diisopropylethylaminc; 2-ClZ. chlo 
robenryloxycaibonyl; tosyL p-toluenesulfonyl; DMF. 
dimethylformamide;TFE. trifluoroethanol; SA, synunetrical 
anhydride of BOC-AA-OH; DCCI. N,N- 
dicyclohcxylcarbodiimide; E. ethyl ether; P, petroleum ether. 

Commercially available benzhydrylamine-resin 
hydrochloride. Lot No. B30101, was obtained from com- 
mercial sources (Bcckman Instruments Inc.. Palo Alto. Calif. 
Advanced ChemTech). Widi this resin, cleavage of a peptide 
formed on the resin, under the conditions described below, 
produces a peptide which is amidated at its carboxy end. 
A, Prq)aring Protected Amino Acid Anhydrides Each BOC- 
AA-OH (2.4 mmol) was dissolved in 5 ml CH2Cl2and 
cooled to 0 C. The volome of DCM used for BOC-Leu-OH 
(dried in vacuo) was 12 ml. and the BOC-Leu-OH solution 
was not cooled. 2 ml 0.6 M DCCI in DCM was added and 
the mixture stined at 0 C. for 15 min. For BOC-Lcu-OH. the 
mixture was also cooled after this addition. R-ecipitation of 
N J4-dicydohexylurea was completed by storage at -20® C. 
for l.S hour, after which the precipitate was filtered and 
washed with ethyl ether (5 ml). The filtrate was evaporated 
to remove solvents and ttie pioduct was ciystallized in the 
solvent system given in the Table below. Residual amounts 
of DCM can affect the exact conditions for crystallization. 
Recrystallization was perfoimcd by dissolving in DCM. 
evaporating most of the solvent, and recry stallizing from the 
appropriate solvent. 



TABLE OF AMINO ACID SOLVENTS 



Amino Acid Sotveiot 



Ala 


DCMiErP 


Asp (Benzyl) 


E:P 


Gly 


EJ> 


Leu 


P 


Lys (2-CIZ) 


E:P 


Met 


ErP 


Ser (Benzyl) 


E:P 


Thr (Benzyl) 


EJ? 


Tyr (2-BiZ) 





B. Prq>aration of MVIIA 

Synthesis of MVIIA peptide was perfonned on 0.58 g 
benzhydrilamine resin (0.40 mmol) in a Beckman Model 
990 Pq)tide Synthesizer by a solid-phase method based on 
the primary structure shown in FIG. lA, 

A double coupling protocol was used for the incorporation 
erf residues Cys-25 through Tyr-U. and a triple coupling 
protocol, for amino acids Met-12 through Cys-1. Symmetri- 
cal anhydrides were used in crystalline fonn as described in 
Yamashiro (1987). Crystalline symmetrical anhydrides (1.0 
mmole) were each dissolved in 6 ml DCM and stored in the 
amino acid reservoirs at 4° C. Sldechain protecting groups 
used were: Cys, 4-MeBen2yl; Lys, 2-Ci2; Ser. Benzyl; Arg, 
Tosyl; Thr, Benzyl; Asp, Benzyl; Tyi. 2-Br-Benzyl. 

Unless specified volumes were 8 ml, except for step 2 
below, which was 10 mi. and all reactions were carried out 
at room tenq)erature. After incorporation of the Asp-14 
residue, the volume of step 2 was increased to 15 ml while 
- all other volumes were raised to 10 ml after incorporation of 
the Arg-10 residue. The double cotipling protocol consisted 
of steps 1-16 listed in the Table below. 

Amino acids Met-12 through Cys-1 were added by a triple 
coupling protocol which included, in addition to steps 1-16* 
steps 17-20 in the MVIIA protocol Table. 
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MVnA PROTOCOL TABLE 


Step 




1 


DCM wash (3 times) 


2 


679b IFA/M (20 nan,) 


3 


DCM wash (2 times) 


4 


25% dioxanc/DCM wash (2 times) 


5 


5<fc DIEA/DCM wash 


6 


DCM wash 


7 


5% DIEA/DCM wash 


8 


DCM wash (5 tones) 


9 


ID mmtri SA in DCM (5 min) 


10 


0 J mmol IPM m 3 ml TPE phis 1 ml DCM 


11 


(5 min) 


12 


0 J mmol IFM in 5 ml DCM (5 min) 


13 


DMF wash (3 times) 


14 


10 mmol SA io DMF (5 min) 


15 


OS mmol IPM in 5 ml DCM (5 min) 


16 


0^ mmol IPM in 4 ml DMF (5 min) 


17 


DCM wash 


18 


DCM wash (2 timnes) 


19 


IJO mmol SA in DCM (5 min) 




0^ mmol IPM in 4 ml DMF (5 min) 


20 


DCM Wash 



Cxystalline synunetrical anhydrides (1 mmole) were each 
^ dissolved in 6 rid DCM or DMF and stored in the amino add 
reservoirs at 4° C. Side-chain protecting groups used were: 
Cys, 4-MeB2l; Lys; OZ; Ser. Bzl; Arg. tosyl; Thr. Bzl; Asp. 
Bzl; Tyi. BrZ. 
For BOC-Arg(tosyl)-OH. die following mixture was pre- 
30 pared: 1.87 BOC- Arg(tosy l)-OH. 0.57 g 

1- hydroxybcnzotriazole, 15 ml DMF. stirred to dissolve, 
cooled to 4^ C. added 0.52 ml diisopropylcaibodiimide. and 
split in half for steps 9 and 13. Fot this coupling, the protocol 
was modified as follows: step 8 was 3 times DCM wash and 

35 2 times DMF wash; step 9 was for 10 min; step 11 was for 
10 min; step 13 was fot 10 min; step 14 was 0.4 nmiol 1PM 
in 4 ml DMF for 10 min; step 15 was for 10 min; stq> 16 was 
1 times DMF wash and 1 time DCM wash. Reaction 
mixtures in steps 9. 10. 13. 14 and 18 were not drained. 

40 The mixture for a third coupling for ina»porating the 
Arg-10 residue consisted of 1.00 g BOC-Arg(tosyl)-0H. 1 
ml DMF. 5 mi DCM, stirred to dissolve, and cooled to 4^ C. 
to which is then added 1.67 ml 0.6M DCCI in DCM. 
After the last amino add had been incorporated, the 

45 protected peptide resin was subjected to steps 1-4 to remove 
the N-terminal BOC group, collected on a filter with use of 
ethanol. and dried in vacuum to yield 2.61 g. 

MVnA has also been successfully synthesized on an ABI 
430A syndiesizer using slight modifications of the above 

50 protocoL 

C. Deblocking and Deavage in Liguid HF 

A mixture of protected peptide resin (1.32 g). 

2- n:iercaptopyridine (0.50 g). p-aesol (2.6 g). and liquid 
hydrogen fluoride (HFj (25 ml) was stirred at 0** C. for 80 

55 min. The liquid HF was evaporated with a rapid stream of 
nitrogen gas, first below 0** C. then at 24** C. The mixture 
was stirred in ethyl acetate (25 ml) until a finely divided 
solid was obtained. The solid was filtered, washed with ethyl 
acetate, and air dried to yield 1.09 g. This solid was stined 

60 in 50% aqueous acetic add (10 ml) to dissolve the peptide 
material, filtered, and washed with 20 ml water. The filtrate 
was freeze-dried to yield 450 mg of fluffy powder. 

D. Formation Disulfide Bridges 

A san^)le (300 mg) of the fluffy powder was dissolved in 
65 30 ml of 0.05M ammonium bicarbonate. 10 mM dithiothrei- 
tol (DTT). and 2M guanidine hydrochloride. The solution, 
which had a pH of 6.7. was allowed to stand at 24*^ C. for 
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2 hr. then diluted with 120 ml of water and stirred for 20 hr 1. The lyophilized ciude iiiw^ar peptide was dissolved in 

at 24° C. DTT (25 mg) was added and the solution allowed 3M guanidine hydrochlwide and 1.2M anunonium acetate 

to stand at 24"^ C. for 80 min. The mixture was then stined solution to yield a concentration of approximately 12 mg 

at 4** C for 3 days. peptidc/ml. DTT was added to a ratio of 15 mg DTT per 100 

E. Isolation of MVIIA OCT 5 mg peptide, and the mixture was stirred at room temperature 
The solution from Part D was acidified widi glacial acetic for 1 hour. The solution was diluted 6-fold with distilled 

acid (2 ml), cvqwrated in vacuo to a low volume, and water, and stirred at 4* C. for 3-5 days. The progress of 

fractionated by gel filtration on Sephadex G-25 in a 2.5x48 peptide oxidation was monitored by HHiT. The endpoint of 

cm column, using IN acetic acid, to remove peptide poly- the oxidation process was the complete dis^xpearancc of 

meric species (exclusion volume), and salts (slowest moving lo free thiols, determined by Ellman reaction, 

peak). Fractions (5 ml) were collected, with peptide absor- 2. The lyophilized crude linear peptide was dissolved in 

bance monitored at 280 nnt Fractions corresponding to the 3M guanidine hydrodiloride and 03M potassium i^osphate 

monomer peptide were pooled and freeze-dried to give 127 solution to yield a concentration of approximately 12 mg 

mg of flufiy powder. A saix^>le of the monomeric material pcptide/ml. After addition of 40 mg cysteine and 15 mg DTT 

(34 mg) was purified by preparative HFLC on a V^dac 218 is per 100 mg peptide, the pH of the solution was adjusted to 

TP 1022 column with a gradient of 10-20% acetonitrile in 8.0-8.1 with potassium hydroxide solution. The mixture was 

0.1% trifluoroacetic acid over 50 min at 8 ml/min, with stirred at room temperature for 1 hour. The peptide solution 

detection at 226 nm and collection of 4 ml fractions. was diluted 6'fold with water, and stirred at 40° C. for 3-5 

Fractions ccnresponding to the major peak were pooled, days. The progress of peptide oxidation was monitcred by 

evapOTated in vacuo to remove acetonitrile. and freeze-dried 20 HPLC. The endpoint of the oxidation process was the 

to yield 7.7 mg. Analytical HPLC on a \^dac 218 TP104 completcdisappearanceof free thiols, determined by Ellman 

column with the same solvent and gradient over 10 min reaction. (Mediod 2 was used in the |M-eparation of SNX-236 

followed by 10 min of isocratic elution at the 20% compo- and SNX-239). 

sition (1.5 mymin) gave a single peak identical in behavior Following oxidation by either of the above methods, the 

to an authentic sample of OCT MVIIA. Amino acid analysis 25 solution was acidified with acetic acid to pH 3. and lyo- 

of a 24-hr HQ-hydrolysate gave: Asp. 0.93; Thr.1.05; Scr, philizcd. 

2.85; half-cystine, 5.2; Gly, 4.08; Ala. 1.07; Met 0.94; Leu, vrsrxum vt '> 

1.02; 1Vr,0.85; Lys, 3.98; Arg. 2.09. tiAAMfi^ z 

F. Radio-Iodination of MVIIA MVIIA peptide was iodinated Omega-conopq»tide Binding to Omega-oonopeptide 
by reaction with lodogene™ in the presence of Nal accord- 30 Binding Sites in Synaptosomal Membranes 

ing to Cxuz et al.. with minor modification. 2 m Ci of A. Preparation of Mammalian-Brain Synaptosomes and 

cairicr-free Na*^^, 75 ul 0.5M j^osphate buffer pH 7.4 and Synaptosomal Menihranes 

20 ul of 1 ug/ul peptide were added to a polypropylene test Synaptosomes were prq>ared from rat whole brain or 

tube coated with 10 ug lodogenf^. The tube was agitated hippocampal region of brain. Rats were sacrificed, and 

for 8 minutes, and the solution was chromatograf^ed by 33 forebrains were removed and transferred to 10 ml ice-cold 

HPLC through a 10>c0.46 cm C-8 reverse phase column with 0.32M sucrose containing the following protease inhibitors 

a pore size of 300 A (Brownlec Labs. Santa CHara. Calif.). (PI): 1 mM EGTA; 1 mM EDTA; 1 uM pq)sUtin; 2 uM 

The sample material was eluted with a gradient from 0.1% leupeptin. Brains were homogenized using a motor-driven 

trifluoroacetic add to 60% acetonitrile in 0.1% trifluoroace- Teflon-glass homogenizer (^rox. 8 passes at 400 rpm). 

tic acid. The major peak of active radio-iodinated peptide 40 Homogenates from 4 brains were pooled and centrifiiged at 

was resolved at about 2 cainutes greater retention time than 900xg fc^ 10 minutes at 4^ C. Supernatants were then 

the underivatized peptide. centrifiiged at 8.500xg for 15 minutes. Resulting pellets 

The fractions containing this peak were collected and later were resuspended in 10 ml each ice-cold 032M sucrose plus 

diluted for use in binding experiments. MVIIA. iodinated PI with vortex mixing. The suspension was then centrifuged 

under die conditions as above except widi non-radioactive 4S at 8.500xg for 15 minutes. Pellets were resuspended in 20 ml 

Nal. was tested for the ability to inhibit depolarization- ice-cold 032M sucrose plus PI. The suspension (5 ml/tube) 

dependent ATP release from synaptosomes as described in was layered over a 4-step sucrose density gradient (7 ml 

Ahmad and Miljanich (1988) and found to be as potent in each: 1.2M sucrose. l.OM sucrose, 0.8M sucrose. 0.6M 

this regard as the underivatized peptide. sucrose; all sucrose solutions containing PI). Gradient tubes 

G. Syndiesis of Other OCT Peptides 50 were centrifiiged in a swinging bucket rotcw at 160,000xg for 
Synthesis of other OCT peptides was according to the 60 minutes at 4^ C The l.OM sucrose layer plus the interface 

solid-phase method described above, except that a single between the 1.0 and 1.2M sucrose layers were collected and 

coui^ing protocol involving steps 1-12 in Part C was used diluted with ice cold deionized water plus PI to yield a final 

for coupling the first 10 C-terminal amino acids residues. sucrose concentration of 0.32M. The resulting suspension 

and a double coupling method involving steps 1-16. Part C ss was centrifuged at 20.000xg for 15 minutes. Pellets were 

was used for coupling the final n'lO N-terminal residues. then resuspended in 5 ml ioecold i^osf^ate buffered saline 

where n is 24-29. Releasing the peptide from the solid plus PL The resulting rat brain synaptosomes were then 

support, removing the blocking groups, and joining the aliquoted and stored in a liquid nitrogen containment sys- 

disulfide bridges were carried out substantially as above, or tenL 

as described in Part H. below. The peptide was separated 60 Pricr to use in binding assays, synaptosomes were thawed 

from salts and polymeric peptide species by gel filtration on and diluted with 3 volumes of ice cold deionized water plus 

Sephadex G-25. and purified on prq)arative HPLC. For PI: TTus suspension was homogenized using a FT 10-35 

binding studies, each peptide can be radioiodinated essen- Polytron (setting 6) for two 10-second bursts. The homoge- 

tially as above. nate was centrifuged at 40.000xg for 20 minutes at 4** C. The 

H. Alternate Oxidation Methods 65 resulting pellets were resuspended in about 5 ml of ice cold 
IVvo alternative oxidation methods were used in the phosphate buffered saline plus PL The resulting brain syn- 

prqjaration of MVIIA/SNX-111. aptosoroal membrane preparation was aliquoted and stored 
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at -80° C. until use. Procein coaceotratioD of the membrane MVnA (SNX-111) OCT in (he absence and presence of 

preparation was determined using Bradford reagent excess (1 nM) unlabelled MVIIA OCT. Non-specific bind- 

(BioRad). with bovine serum albumin as standard. jj ,1,3, binding of radiolabeled compound which is 

B. Sanction Bindmg Assay MVDA OCT was radiolabeled ^^^^ ^^^^ ^^^.^^ OCT. 

With I-iodine by reaction with lodogen™. essentially 5„ , ^ ^l..^.. 

according to the method of Ahmad and MUjanidi (1988). Such values serve as approximations of the relauve affiniues 

Following the lodogen reaction, the peptide solution was of ^ series of compounds for a specific binding site, 

chroraatographed by HPLC through a C-8 reversed phase 2. Competitive Displacement of OCT SVIB. 

column and eluted with a gradient from 0.1%trifluoroacetic Rat brain synaptosomal membranes were prepared as 

acid in water to 0.1% trifluoroaceUc acid in water/ described above. OCT SVIB was radiolabeled by iodinaUon 

ac^onitrHc (40:60 vol^ol)/^ widi ^"l-iodine by the lodogen reaction. Displacement 

following the underivatized MVIIA OCTT was collected. .... . ' , . oirrr. * u • . i 

The binding constant {KJ for I'^^I-MVHA OCT to rat radiolabeled SVIB on rat brain synaptosomal 

brain synaptosomal membranes was deteimined by a satu- membranes was carried out as in Example 4B. SVIB dis- 
ration binding method in which increasing quantities of placement curves for several of die omega-conopcptides 

I ' ^1 MVnA OCT were added to aliquots of a synaptosomal assayed is shown in FIG. 4. IC50 values and relative potency 

membrane preparation (10 ug membrane js-otein, suspended values were calculated as described below. Tables 2 and 3 

in binding buffer consisting of 20 mM HEPES. pH 7.0. 75 show the relative potency values for omega-conopeptides 

niM NaQ. 0.1 mM EGTA, 0.1 mM EDTA, 2 pM leupeptin, examined, and the ratio of relative potencies of the com- 

0.035 Mg/ml aprotinin, and 0.1% bovine senim albumin 20 P<>unds for the OCT MVIIA site and to the SVIB binding 

(BSA), in a total volume of 0.5 ml). Binding at each site. 

concentration of labeled conqxxind was determined in the The binding constant (K,) for each test substance was 

absence and presence of 1 nM unlabeled MVIIA OCT to calculated using non-linear, least-squares regression analy- 

determine specific binding (as described in part B. below). sis (Bennett andXie. 1988) of conq>etitive binding data from 

The amount of labeled peptide specifically bound at each ^ 2 assays performed in duplicate on separate occasions. The 

concentration was used to determine B,^ the concentration relationship between K, and IC50 (concentration at which 

<rf specific binding sites on the synaptosomes, and 50% of labeled compound is displaced by test compound is 

following standard binding analysis methods (Bennett et al.. expressed by the Cheng-IYusoff equation: 

1983). Scatchaid analysis of saturation binding curve of 3Q 

['^IjMVIIA revealed a <rf about 10 pM for the com- Ki=ic^(iML\^^) 

P^^^ where IC50 is the concentration of test substance required to 
B. Competitive Displacement Binding Assay reduce specific binding of labeled ligand by 50% ; |L] is the 
1. Coii^>etiave Displacement of OCT MVIIA. concentration of ["^J-MVIIA (SNX-111) OCT used in the 
Rat brain synaptosomal membranes prepared as described 3$ experiment; and is the binding constant determined for 
in Part A were suspended in a binding buffer consisting of 20 binding of [^^-MVIIA (SNX-111) OCT to rat brain syn- 
mM HEPES, pH 7.0. 75 mM NaCL 0.1 mM ECTA, 0. 1 mM aptosomal membranes in saturation binding experiments. 
EDTA. 2 jiM leupq>tin, 0.035 jig/ml aprotinin. and 0.1% Table 3 summarizes computed IC50 ^ various omega- 
bovine scrum albumin (BSA). ["'IJ-MVIIA (SNX-111) conopq)tidcs for die MVIIA binding site erf rat brain syn- 
CKT (25-30.000 q)rn, approximately 1500-2000 Ci/mmol) ^ ^P?^'^"^ , r^. . , . ^ 
andtestcompoundwereanquotedintopolypropylenetubes, Reladve poten^ for displacement of bmd^^^^^ 

in the absence or presence of 1 nM MVIIA (SNX-111) OCT ^ ^^,^1^^"^ f 

to determine non-specific binding. TTie membrane suspen- th^^«f^«« ?!!^'^\ '^f ^^"""^ If ^'1' 

sion was diluted and aliquoted last into the test tubes, such 45 ^ the unlabeled equivalent of the labeled Ugand, Cal- 

that each assay tube contained 10 pg membrane protein and ^"^^^^ P^'^"^ ^ 
the total volume was 0.5 ml After incubation for 1 hour at 
room temperature, tubes were placed in an ice bath, then 

filtered through GF/C filters (Whatman), which were pre- Relative potency values f<x binding at OCT MVIIA 

soaked in 0.6% polyethyleneimine and prewashed with ^ (SNX-111) and OCT SVIB (SNX-183) sites are listed in 

wash buffer (20 mM HEPES. pH 7.0. 125 mM NaQ. 0.1% Table 3. 
BSA) using a Millipore filtration system. Just prior to 

filtration, each assay tube received 3 ml ice-cold wash buffer. EXAMW-E 3 

The filtered membranes were washed with two 3 ml volumes 55 t u-t.-*.- « n c«-- . * 

tj t_._^ ^ ^ ^ ^. . . Inhibition erf Electncally Stimulated C(Hitractions of 

of ice-cold wash buffer, dried, and filter-bound radioactivity Guinea Pig Ileum 
was measured in a Beckman garmna counter (75% counting 

efficiency). Guinea pigs (300-400 gms) were decapitated and the 

Representative displacement binding curves for rat brain ileum removed. A section of ileum about 6 cm from the 

syn^tosomal membranes arc illustrated in FIG. 3. IC50 ^ caecum was placed immediately into Krebb's modified 

values were computed from line fit curves generated by a buffer maintained at 37° C. in a water badi. and aerated with 

4-parameter logistic function. These values represent die a mixture of 95% Oj and 5% (TOj. The buffer contains: KCl. 

concentration of test compound required to inhibit by 50% 4.6 mM; KH2PO4. 1.2 mM; MgS04. 1.2 mM; Glucose. 10.0 

die total specific binding of [^^IJ-MVIIA (SNX-111) OCT ^5 ^aQ 118.2 mM; NaHCOj, 24.8 mM; CaQi. 2.5 mM. 

to rat brain synaptosomal membranes, where specific bind- Small pieces of ileum were cut and pulled over a glass 

ing is defined as the difference between binding of |^"ll- pipette, scored and the longitudinal muscle removed. Each 



(tog (relative potency)Hog QC3O(r^^g0Cso^) 
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piece was attached to an electrode at one end and to a force sensitivity less, than 3 grams. As shown in RG. 6. treatment 

transducer at the other end. The preparation was lowered of rats (ii=6Arcatment) with 1 or 3 pg SNX-lll resulted in 

into an organ bath maintained at 37^ C. and aerated with elevation of threshold response. Peak effects were observed 

02:C02. The resting tension was set at 1 gm. and the tissue by 30-60 minutes, and effects lasted in excess of 60 minutes, 

was stimulated at 30-50 V with a duration of 4.5 msec per ^ piGS. 8A and 8B show results of tests in which animals 

stimulation. were given a single intrathecal bolus injection of SNX-273 

Baseline responses (contractions) were recorded for (0.1 pg. 03 Mg. or 1 Mg). SNX-279 (0.1 pg, 0.3 pg. or 1 pg), 

10-15min.andaliquots(100ml)of drug were added to the SNX-lll (0.1 \ig) or veMcle (0.9% Sodium Chloride 

bath until inhibition occurred. Following testing, tissues lO injection. USP. Sanofi Animal Heaidi, Inc.. Overland P^k. 

were washed until original response magnitude was Kans.). Test control con^)Ounds were delivered in a volume 

adiieved. of 10 pi followed by 10 pi of saline to flush the catheter. 

Results of allodynia tests, performed as descrit>ed above, are 

EXAMPLE 4 shown as percentage of maximum possible effect (MPE): 

Rat Model of Peripheral Neurovathy %MPE=New ThieslnklCgy-BaseliDe 'nifesbold(g)xlO(yi5 grams- 
Baseline Thrcsbold 

Male Sprague-Dawlcy rats (250-350 gm) were prepared 

with chronic lumbar intrathecal catheters inserted under According to this analysis, the hi^er the %MPE. the better 

haiothane anesthesia (Yaksh and Rudy. 1976). Animals were 20 the antinociceptive effect As shown in FIGS. 8A and 8B. 

placed in a prone position and the left paraspinal muscles SNX-lll. SNX-273 and SNX-279 each blocked mechanical 

were separated from the sjMnous processes at the L4-S2 allodynia significantly in comparison to saline control 

levels, as described by Kim and C3iung (1992). The left (asterisks in the figures indicate statistically significant dif- 

L5and L6nerve roots were exposed and tighUy Hgated with ft^^^betwccn trcataent and saline. p<0.05. Student's t 

^ c.ir^voi ciiir cntiM^ A,3»r«^;«,ofi« T lA A^^c oft^r 25 test). The appaTCut order of potency for su{^ession of 

M) surgK^ sdk suture^ Approximately 7-10 days aftc^ ^ is SNX-lll=SNX-273>SNX-279. Th^ is consis- 

Ugaiuon. the lumbar subarachnoid space was cathetenzed ^^^^ ^.^ compounds' relative afOniUes at the SNX-lll 

with saline-filled polyethylene (PE-10) tubing as described binding site (IC5o*s: SNX-lll. 8 pM; SNX-273. 8 pM; 

by Yaksh and Rudy ( 1976). The Catheter was anchored wilh SNX-279, 40 pM). 

suy sutures to the adjacent muscle tissue where it emerged 30 Animals were also observed for the appearance of general 
from the cistema magna. Animals were given at least 3 days motor dysfunction, as evidenced by inability to ambulate 
to recover before assessing mechanical allodynia thresholds. symmetrically and for any other overt signs of unusual 
Allodynia was typically observed to occur beginning 1-2 activity. No effects on motor activity were observed in 
days post-surgery and continued for as long as 45 days. saline-treated animals; a dose-dependent tremor character- 
Animals showing motor deficits were excluded from further istic of SNX-lll administration was observed in animals 
study. given SNX-lll. 

For testing, animals were placed in fdastic cubicles with 

open wire mesh bottoms. Compound dissolved in EXAMPLE 5 

preservative-free saline solution was administered in a vol- 40 
ume of 10 pi through the intrathecal catheter, followed by 10 

^1 saline to flush the catheter line. Animals wae tested for Analgesic efficacy g[ spinally-administered SNX-lll was 

allodynia at various time points after drug treatment, as tested using a methionine-lactate buffer formulation in the 

described below. paradigm detaUed in Example 4. SNX-lll (10 Mg/ml) and 

To assess the threshold of a non-noxious stimulus L-mrthionine (50 pg^ml) were dissolved in a vehicle corn- 
required to produce a left hind paw withdrawal (allodynia). ^dsed of sodium lactate (150 mM) adjusted to pH 4-4.5 
Von Frey hairs (ranging from 0.4-15 grams), were system- widi 250 mM lactic acid. This formulation was used to 
atically applied to die surgically treated plantar of the hind deliver 0.1 pg SNX-lll intrathecally, as described in 
paw. The hair was held against the surface with sufficient so Bxanq)ie 5 at 30. 60. 120 and 240 minutes after treatment 
force to cause slight bending and held for 6-8 seconds. with test or control con^xxind. FIG. 9 shows effects on 
Failure to evoke a response was cause to test the next stiffer mechanical allodynia of a single intrathecal bolus injection 
hair. Evocation of a brisk withdrawal response was cause to of 10 pi saline (open circles) or lactate buffer (150 mM) 
test the next lower stimulus intensity. This paradigm was containing 50 pg/vai methionine with (closed squares) <»: 
repeated acceding to a statistical method (Dixon. 1976) to without (closed triangles) 10 pg^ml SNX-lll. Neither saline 
define the 50% response threshold. Allodynia was evidenced alone or methionine lactate control buffer alone was effec- 
by a threshold less than 3 grams (referring to the hair tive to suppress allodynia. whereas the SNX-lll fwnuila- 
stimulus intensity) exhibited by all surgically treated ani- tion was effective in this regard (FIG. 9). Moreover, it was 
mals. 60 observed that %MFE values for saline-treated controls were 

Results of animals treated with saline, or various doses of significantly different from fliose of animals given 

omega-conopeptides are shown in no. 6, KG. 7 and^^^^ -methionine-lactate buffer alone. 

8. Data in FIG. 6 are ex{»:essed as percent maximum effect. Although the invention has been described witii respect to 

where the maximum effect indicates a complete reversal of particular embodiments, it will be apparent to those skilled 

allodynia. or insensitivity to stimulus (maximum equals 15 that various changes and modifications can be made widiout 

gram hair cutoff). A baseline of zero indicates a mean departing from the invention. 



Methionine-Lactate Buffer Formulations 
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SEQUENCE USTINO 



( 1 >(j^RAL[NP0RMAnON: 

( i i i ) NUMBER OF SEQUENCES: 36 



( 2 )INP0IlMAI1ONP0RSBQtDI4O:1: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 25 ctmao acidi 
( B ) TYPE: amino acid 
( D )TOP0(jO0Y: linear 

( i j ) MCX^CULE nrPfi: pnton 

( i i i ) HYPOIHEnCAL: NO 

( V i ) ORIGINAL SOURCE: 

( C ) INDIVIDUAL ISOLATE: MVIIA/SNX- III. HOURE 1 

( z i ) SEQUENCE DESCRIPnON:SEQ ID N0:1: 

Cy» Lyi Oly Ly» Gly Ala Lyt Cyi Ser Arg Leu Met Tyr Aip Cy» Cy» 
I 5 10 15 

Tbr Oly Ser Cys Arg Ser Oly Lyi Cy» 
2 0 2 5 



( 2 ) INPOAMAnON FOR SEQ ID NO:2: 

( i ) SEQUENCE CHARACTERISnCS: 
( A ) LENGTH: 25 aouDO acids 
( B ) TYPE: Anno acid 
( D ) TX>POLOG Y: 

(it ) MOLECULE TYPE: intein 

< i i i ) HYPOflHETlCAL: NO 

( V i ) ORIGINAL SOURCE: 

( C ) INDIVIDUAL 1SCH.AIB: MVEB/SNX- 159. HOURE 1 

i X i ) SEQUENCE IKSCRIPnON: SBQ ID NO-^ 

Cyi Ly» Oly Lyi Oly Ala Ser Cy» Hif Arg Thi Ser Tyr Alp Cyi Cyi 
I 5 10 15 

Thr Gly Ser Cyi Asa Arg Oly Lyi Cyi 
2 0 2 5 



( 2 ) INP0RMAn<»4 FOR SEQ ID NO-3: 

i i ) SEQUENCE CHARACTERISnCS: 
( A ) LENGFTH: 27 anono acids 
( B ) TYPE: aotino acid 
( D >TC»>01jOOY:lii^ 

( i i ) MCX.BCULE TYPE: protein 

( i t i ) EiYPOIHElTCAL: NO 

( V i ) CSUOINAL SOURCE: 

( C ) INDIVIDUAL ISOLATE: GVIA/SNX- 124. FIGURE 1 

( i X ) FEATURE: 

( A ) NAME/KEY: Mo(£fiol.tite 
( B ) LOCXnON: 4 

< D ) OTHER INFORMATION: /oate= *^Pbae X is hyimxypnSar 

fix) FEATURE: 

_ ( A ) NAMEAKEY: Mo<fiflcd-ii» - - - ■ ^ 

( B ) LOCAnON: 10 

( D )an]ERD4FOS(MAnON:/QCte=''«tMreXishy(faDxyi>^ 

( i z ) FEATURE: 

( A ) NAME/KEY: Modified-site 
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( B ) LOCAnON: 2J 

( D I OTHER INFORMAnON: /Qote= *»/bat X b bydroxyproliac" 

I » i > SEQUENCE OESCRIFnON: SEQ ID NOJ: 

Cys Lys Ser Xaa Oly Ser Scr Cyi Ser Xaa Tbr Ser Tyr Ato Cyt Cys 
1 5 10 IS 

Arg Sei Cys A»o Xaa Tyr Tbr Lyi Arg Cys Tyr 
2 0 2 5 



( 2 ) INPORMAHON FOR SEQ ID NO:4: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENCmi: 29 amao acids 
( B ) TYPE: atmao acid 
( D ) TOPOLOGY: liaear 

( i i ) MOLECULE TYPE: proton 

( i i i ) HYPOTHEnCAL: NO 

( V i ) ORIGINAL SOURCE: 

( C ) INDIVIDUAL ISOUOE: GVHA/SNX- ITS. HOURE 1 

( i X ) FEAIURE: 

( A ) KAME/KEY: Mfxfified-ote 
( B ) UXAHCM: 4 

( D ) OTHER INPORMAnON: faate^ **wtMfe X is bydroxypraliae*' 

( i X ) FEATURE: 

( A ) NAME^KEY: Modified-ciie 
( B ) LOCXnON: 7 

( D ) OTHER INFORMATION: /noce» "wbor X is bydrozyproliae" 

( X i ) SEQUENCE DESCRIPTION: SEQ ID Na4: 

Cys Lys Ser Xaa Oly Tbr Xaa Cyi Ser Arg Oly Met Arg Asp Cys Cys 
1 5 10 15 

Tbr Ser Cys L«a Leo Tyr Ser Aso Lys Cys Arg Arg Tyr 

2 0 2 5 



( 2 ) INPC»MAn(»4 FOR SBQ ID NO:5: 

( i ) SEQUENCE CHARACIERISnCS: 
( A ) LENGTH: 27 amtso acids 
( B ) TYPE: amiDO acid 
( D ) TOPOIjOGY: tiiwar 

( t i ) MCX£CULE TYPE: protein 

( i i i ) HYPOIHEnCAL: NO 

( V i ) ORIGINAL SOURCE: 

( C ) INIXVmUAL ISOLATE: RVIA/SNX- 182. FK3URE 1 

( i X )FEArUR£: 

( A ) NAME/KEY: Mcxfifinl-cite 
( B ) LOCAnON: 4 

( D ) OTHER INPORMAnON: /oaCB= •*wbar X is bytoyprofin** 

( i X > FEATURE: 

( A ) NAME/KEY: Mocfified-siSB 
( fi ) LOCAnON: 7 

( D ) OTHER [NFC»tMArK>N: /mate^ **wbae X s bydrozyixofine** 
( X i ) SEQUENCE DESCRIFTI<»4: SBQ ID NOJ: 

Cys Lys Pro Xaa Oly Ser Xaa Cys Arg Val Scr Ser Tyr Aid Cys Cys 

I 5 10 15 

Ser ~Ser Cys Ly s Ser Tyr Aso Lys Lys Cy i O A y - 
2 0 25 



( 2 ) INPMlMAnON FOR SBQ ID NO*: 
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( i > SEQUENCE CHARACTERISTICS: 
{ A ) LENGTH: 24 omao acids 
( B ) TYPE: aaano acid 
( D )TOPCHjOOy:linc» 

( t i ) MOLECULE TYPE: iwtdD 

( i t i ) HYPOflHEnCAL: NO 

( V i > ORIGINAL SOURCE: 

( C ) INDIVIDUAL ISOLATE: SVIA^NX- 157. RCURE I 

( i X )FEAn;R£: 

( A ) NAMELY: Mo(£ficd.siic 
( B ) tOCAXlC^: 7 

( D ) OTHER INFORMATION: /doccs "wfaav X is by^mxypmhacT 

( X i ) SEQUENCE I^SCRIPnON: SEQ ID NO:6: 

Cys Afg Set Scr Oly Ser X&a Cyi Gly Val Thr Ser lie Cys Cys Oly 
I 5 10 15 

Aig Cy« Tyr Arg Gly Lys Cyi Thr 
2 0 



( 2 ) INPORMXnON H» SeQ ID NO:7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENCrTH: 37 aosno acids 
( B ) TYPE: amino acid 
( D ) TOPOLOGY: liiiev 

( i i ) MOLECULE TYPE: protein 

(lit ) HYPOTHBIICAL: NO 

( V i ) cmasNAL source; 

( C ) INDIVIDUAL ISOLATE: TVIA/SNX- 185, FIGURE I 

( i z )FEArURE: 

< A ) NAME/KEY: Mcxfified-nie 
( B ) LOCAn<»l: 4 

( D ) OTHER INPORMAnON: /Dace» "vtim X is hydraxyinlitt" 

( i X )FEArURE: 

( A ) NAME/KEY: Mo(fificd.sits 
( B ) LOCXnON: 10 

( D ) OTHER INFORMATION: hMte= **wbm X is hydraxnxofiae'* 

( i X ) FEATURE: 

( A ) NAME/KEY: Modified-site 
( B > LOCAnCN: 21 

( D ) OTHER INPORMATION: /MXe= *Hvba« X is bydnnypnliaB** 

( X i ) SEQUENCE DESCRIPHC^: 5BQ ID NO:7: 

Cys Leu Ser Xaa Oly Ser Scr Cys Scr Xaa Tbr Scr Tyr Aia Cys Cys 
1 5 10 15 

Arg Ser Cys Asa Xaa Tyr Ser Arg Lys Cys Arg 

2 0 2 5 



( 2 ) INPORMAnON FOR SBQ ID NOtft: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 26 aomw acids 
( B ) TYPE: arano acid 
( D ) TOPOLOGY: Uocar 

( i i ) MOLECULE TYPE: proceiii 

( i i i ) HYPOIHEnCAL: NO 

( V i ) ORICHNAL SOURCE: 

( C ) INDtVIDUAL ISOLATE: SVIB/SNX- ia3, HGURE 1 



( X i ) SEQUENCE CSSCRIPnON: SBQ ID NO;8: 
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Cys Ly* Lea Lyi Gly O]o Scr Cys Arg Lys Tbi Set Tyr Asp Cyi Cys 
1 5 10 IS 



Ser Oly Set Cyi Gly Arg Sei Gly Lyi Cjrt 
2 0 2 5 

( 2 )INPC»(MAnON P0RSEQIDN0:9: 

( i ) SEQUENCE CHARACTERISnCS: 
( A ) LENGTTH: 23 Mmoo ackb 
( B ) TYPE: Mmno acid 
( D ) TOPOLOGY: tioev 

( i i ) MCX.SCULE TYPE: prc^ 

( i i i ) HYPOIHEnCAL; NO 

( V i ) ORIGINAL SOURCE- 

( C ) INXXVIDUAL ISOLAIE: SNX-I9a RGURE 2 

( X i ) SEQUENCE DESCRIPnON: SEQ ID NOA 

Cyi Ly« Gly Alt Oly Ala Ly» Cy» Ser Arg Leu Met Tyr Asp Cy» Cyi 
1 5 10 15 

Thr Gly Ser Cy» Arg Ser Gly Lyi Cyi 

2 0 2 5 

( 2 ) INPORhOOlON FOR SEQ ID N0:10: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENOIR 25 aainoackb 
( B )TYPE:«mDO»d 
( D }T0P01X)GY:liiie» 

( i i ) MOLECULE TYPE: procets 

{'lit > HYPOIHEnCAL: NO 

( V i ) ORKHNAL SOURCE: 

( C ) INDIVIDUAL ISOLAIB: SNX-191« RGURE 2 

( X i ) SEQUENCE DESCRIPnON: SEQ ID NO;tO: 

Cyi Ala Oty Ala Oly Ala Lyi Cyi Ser Arg Leu Met Tyr A»p Cyi Cyt 

1 5 10 15 

Tbr Oly Ser Cys Arg Ser Oly Lyt Cyi 

2 0 2 5 

( 2 )INP0RMAn<^FC«SBQIDNO:ll: 

( i ) SEQUENCE CBARACTERISnCS: 
( A ) LENOIH: 26 «mBo ackb 
( B ) TYPE: aooiao acid 
( D ) TQPOLOOY: Itaear 

( i i ) MCXBCULE TYPE: pmoD 

( i i i ) HYPOIHEnCAL: NO 

( V 1 > ORIGINAL SOURCE: 

( C ) INDIVIDUAL ISOLAIE: SN7C-193, FIGURE 2 

( X i > SEQUENCE DESCRIPnON: SEQ ID NO:l]: 

Cyi Lyi Oly Ala Gly Ala Lyi Cyi Ser Arg Leu Met Tyr A»p Cyi Cys 
] 5 10 15 

Tbr Oly Ser Cys Arg Ser Gly Lyi Cyi Gly 
2 0 2 5 

( 2 )INP0RMAnONP0RSBQIDNO:l2: 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGIH: 25 oniao maOs 
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( 6 ) TYPE: aauno acid 
( D I TOPOLOGY: Uwa 

( i i > MOLBCULE TYPE: proceis 

f i i i ) HYPOTHEnCAL: NO 

( V i ) ORIGINAL SOURCE: 

( C ) INDCVIDUALISOLAIB: SNX-19< FIGURE 2 

f i X )FEAIURE: 

( A ) SAME/KEY: Motfified-site 
( B ) LOCAnON: 12 

( D ) OTHER INPMlMAnON: footer "wbm X is Nk- 

( X i ) SEQUENCE OESCRIPnON: SEQ ID NO:I2: 

Cys Lyt Gly Ala O } y Ala Lys Cys Ser Arg Leo Xaa Tyr Asp Cys Cys 
1 5 10 15 

Thr Gly Scr Cys Arg Sci Gly Lyt Cys 
2 0 2 5 



( 2 ) INFORMAnON FOR SEQ ED NO:13: 

( i ) SBQUE>fCE CHARACTERISTICS: 
( A ) LENGTH: 25 ambo ackb 
( B ) TYPE: ammo acid 
( D )TC«OLOGY:l2Dear 

( i i > MCXBCULE TYPE: pnstcio 

(lit ) HYPOTHEnCAL: NO 

( V i ) ORIGINAL SOURCE: 

( C ) INDIVIDUAL ISOLATE: SNX-195, FIGURE 2 

( I i ) SEQUENCE DGSCRIFTTON: SBQ ID NO:13: 

Cyi Lyi Gly Ala Gly Ala Lys Cys Sci Arg Leu Xaa Tyr Asp Cy» Cys 
1 5 10 15 

Thr Gty Ser Cys Arg Ser Oty Ala Cys 
2 0 2 5 



( 2 ) INPORMAnON FOR SBQ ID Nai4: 

( i ) SEQUENCE CHARACTERISmCS: 
( A ) LENOIH: 27 araoo Kids 
( B ) TYPE: aauno acid 
( D ) TWOiXWY: hsmm 

i i i ) MOLECULE TYPE: proteia 

( i i i ) HYPOraEnCAL: NO 

( V i ) ORIomAL SOURCE: 

( C ) INDIVIDUAL ISOLATE: SNXpt96, FIGURE 2 

( X t ) SEQUENCE I^SCRIPIIOl: SBQ ID Nat4: 

Asn Cys Lys Gly Ala Oly Ala Lys Cys Ser Arg Leu Xaa Tyr Asp Cys 
I 5 10 15 

Cyi Thr Gly Ser Cys Arg Set Oly Ala Cys Gly 
2 0 2 5 



( 2 >INP0RMAnQNF(»lSEQIDNai5: 

( i ) SEQUENCE CHARACTBRISnCS: 
( A ) LENGTH: 27 smno ackb 

( B ) TYPE: aorifto add - — — - 

( D ) TOPOLOGY: hnear 

( i i ) MOLECULE TYPE: prttein 



( i i i ) HYPOTHETICAL: NO 
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( V i ) CMUGINAL SOURCE: 

( C ) I>a>IVlDUAL ISOLAIB SCi-197. FIGURE 2 

( 1 i ) SEQUENCE DESCRIPTTON: SBQ ID NO:l5: 

Aso Ser C y t Lys Oly Ala Gly Ala Ly t Cys Set Arg Leu Xaa Tyr Aip 
I 5 10 15 

Cyi Cyf Thr Gly Scr Cys Arg Scr Gly Ala Cy» 

2 0 2 5 



( 2 ) INFORMATICS FOR SEQ ID NO:16: 

( i ) SBCJUENCE CHARACTERISTICS: 
( A ) LEMOTH: 25 amino ackb 
( B ) TYPE: amuio acid 
( D ) TOPOLOGY: liiiear 

( i i ) MCH£CULE T YPE: jrotein 

( i i i ) HYPOIHEHCAL: NO 

( V t ) ORIGINAL SOURCE: 

( C ) INDIVIDUAL ISOLATE: a«-19a, HOURE 2 

( X i ) SEQUENCE DESCRimON: 5EQ ID NO:16: 

Cy» Lyi Gly Ly» Gly Ala Lys Cyi Sei Arg Leo Met Tyr Aip Cyi Cys 
J 5 10 13 

Thr Gly Ser Cyt Ala Ser Gly Lyt Cys 
2 0 2 5 



( 2 > INFORMATION FOR SBQ ID NO:17: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 25 maao Kxb 
( B ) TYPE: amiiio Kid 
( D ) TOPOLOGY: Hws 

( i i ) MCX.BCULB TYPE: froicia 

(lit ) HYPOTHEnCAL: NO 

( V i ) ORIGINAL SOURCE: 

( C ) INNVIDUAL ISOLAIE: SNX-200. FIGURE 2 

< X i ) SEQUENCE DESCRIFTT<»4: SEQ ID NO:l7: 

Cys Ly« Gly Ala Oly Ala Ala Cys Ser Arg Leo Met Tyr Asp Cys Cy< 
1 5 10 15 

Tbr Oly Ser Cyi Arg Ser Oly Ly» Cys 
2 0 2 5 



( 2 ) INFORMATION FOR SEQ ID NO:18: 

( t ) SEQUENCE CHARACTERISITCS: 
( A ) LENGTH: 25 flonao acids 
{ B ) TYPE: amiao acid 
( D ) TOPOLOGY: liaear 

( i i ) MOLECULE TYPE: Frotem 

( I t i ) HYPOTHEnCAL: NO 

( V i ) ORIGINAL SOURCE: 

( C ) INNVIDUAL ISOLATE: SNX-201. FIGURE 2 

( X i ) SEQUENCE DESCRIPIKJN: SEQ ID NO:lS: 



Cys Lys Oly Lys Gly Ala Lys Cys Arg Ly* Thr Ser Tyr Asp Cys Cys 

] 5 10 15 

Thr Gly Ser Cys Arg Ser Oly Lys Cys 
2 0 2 5 
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( 2 ) INPORMAIION FOR SEQ ID NO:19: 

( i ) SEQUENCE CHARACTERISnCS: 
( A ) LEh4GTH: 26 acnoo adds 
( B > TYPE: amiiio acid 
( D ) TOPOUXJY: Unur 

( i 1 ) MOLECULE TYPE: jroteio 

( i i i ) HYPOTOETICAL: NO 

( ▼ i ) CXUGINAL SOURCE: 

( C ) INDIVIDUAL ISOLAIE: SNX.202» FIGURE 2 

( z i ) SEQUENCE I^SCRIPHON: SfiQ ID Nai9: 

C y a Ly t Leu Lyt Gly Glo Set Cjrs Ser Arg Leu Met Tjrr Asp Cyt Cy« 
1 5 10 15 

Ser Cly Ser Cyi Gly Arg Ser Oly Lys Cyt 
2 0 2 5 



( 2 ) INFORMATION FOR SEQ ID NO:2D: 

( i > SEQUENCE CHARACTERISmCS: 
( A ) LENGTH: 27 jdu&o ^ds 
( B ) TYPE: amtto acid 
( D ) TOPOijOO Y: liwar 

( i i > MCXJBCULE TYPE: [votsiii 

( i i i ) EiYPOniEnCAL: NO 

( V i ) ORIGINAL SOURCE: 

( C ) INIMVnXJAL ISOLAIB: SNX-207. FIGURE 2 

( i X )FEAIUR£: 

( A ) NAME/KEY: Mwfifiod-nte 
( B ) UOC/inON : 4 

( D ) OTHER INPCRMAJION: hott^ **w1mr X is bydraxyprofine" 

< i X ) FEATURE: 

( A ) NAME/KEY: Mcxfificd-nte 
( B ) UXrXnON: 21 

( D ) OIHER INF)C»MAnON: foatc= "when X b bydmxnnfiw" 

( X t ) SEQUENCE DESCRIPnON: SBQIDNO:20: 

Cyt Lea Ser Xaa Gly Ser Ser Cys Ser Arg Leo Met Tyr Asn Cys Cys 
t 5 10 15 

Arg Ser Cyi Ain Xaa Tyr Ser Arg Ly» Cys Aig 

2 0 2 5 



( 2 )INP0RMAnONP0RSBQmNO:21: 

( i ) SEQUENCE CHARACTERISnCS: 
( A > LENGTH: 26 amno adds 
( B ) TYPE: amiDo acid 
( D ) TOPOLOGY: Eiwr 

( i i ) MOIECULE TYPE: proldn 

( i i j ) HYPOlHBnCAL: NO 

( V i ) ORIGINAL SOURCE: 

< C > \SDSVIDUAL ISOLAIE: SNX-231. FIGURE 2 

( i X ) FEATURE: 

( A ) NAME/KEY: Mwfified-site 

_ .„ _ - ( B->L0CAnON: 7 ■ 

{ D ) OIHER INFORMAnON: /i»ce= **wbere X b bydroxy[>oliiie" 

< X i ) SEQUENCE DBSCRIFnC^: SEQ ID NO-Jt: 



Cy> Lyt Oly Lys Oly Ala Xaa Cys Arg Lys Tbr Met Tyr Asp Cys Cys 
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10 15 



Ser Oly Ser Cy» Oly Arp Arg Oly Ly» Cy» 
2 0 2 5 



< 2 ) lNPORMAn<^ FOR SEQ ID MO:22: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 6 annm ackb 
( B )TYFG: amioo acid 
( D yrOPOUXy: haam 

( i i ) MOLECULE TYPE: proton 

( i i i ) HYPOIHEnCAL: NO 

( V i ) ORIGINAL SOURCE: 

( C ) INDfVlDUAL ISOLATE: OONOPEITIDE GROUP I FRAGMEhfl 

( X i ) SEQUENCE DESCRIPTION: SBQ ID NO:22: 

Cys Lyt Gly Lys Gly Ala 
1 5 



( 2 ) INPDRMAHON FOR SEQ ID NO:23: 

( i ) SEQUENCE CUARACTERISnCS: 
( A )L£NGriH: L asmao acids 
( B ) TYPE: amiao ack) 
( D ) TOPOUXJ Y: Itnur 

( i i ) MOLECULE TYPE: protein 

( i i i ) UYPOIHEnCAL: NO 

( V i ) ORIGINAL SOURCE: 

( C ) INDIVIDUAL ISOLATE: CCMOPEPTIDE GROUP 1 FRAGMENT 

( X i ) SEQUENCE DESCRIPT1CN: SBQID NO-^: 

Cy . 



( 2 ) INPORMAn<»l FOR SEQ ID NO:24: 

( i ) SEQUENCE CHARACIBRlSnCS: 
( A ) LENOnTB: 8 anmo nd« 
( B ) TYPE: amino acid 
( D )TC«'OljOOY:li«r 

( 1 i ) MOLECULE TYPE: irotxia 

(ill ) HYFOIHEnCAL: NO 

( r i ) ORIGINAL SOURCE: 

{ C ) INDIVIDUAL ISOLATE; CONC»>GFT]DE GROUP I FRAGMENT 

( X i > SEQUENCE DESCRIFTIOK: SBQ ID NO-^: 

Tyr Asp Cya Cyt Thr Oly Ser Cya 
1 5 



( 2 ) INPKlMAnON FOR SEQ ID NO:25: 

< i ) SEQUENCE CHARACTERISnCS: 
( A ) LENGTH: 1 amino acids 
( B ) TYPE: amtno acid 
( D ) TOPOLOGY: Ibsdr 

... ( i i )MOLBCULETYPE:fn<dn 

< i i i ) HYPOIHEnCAL: NO 



( V i ) ORIGINAL SOURCE: 

( C ) INDIVIDUAL ISajaE:CONOPEPTtDe GROUP 1 FRAGMENT 
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t I i ) SEQUEMCE DESCRIFnW: SEQ ID NO:25: 
Ar 8 
I 

( 2 ) INPORMAnON FOR SEQ ID NO-^: 

< i ) SEQUENCE CHARACTERISIICS: 
( A ) LEI^OIU: 3 anajx> asds 
( B ) TYPE: Anno acvl 
( D ) TOPOLOGY: haur 

( i i ) MOLECULE TYPE: protoD 

( i i i > HYPOflHETCAL: NO 

( V i ) ORIGINAL SOURCE: 

( C ) INDIVIDUAL ISOLAIB: OCffOOPEmDE OROU? 1 FRAGMENT 

( X i ) SEQUENCE tSSCRimON: SBQ ID NO:26: 

G!y Lyi Cyi 
1 



( 2 >lNP0RMAXtON FORSBQIDNO-JT: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 9 msiao acids 
( B ) TYPE: ammo acid 
( D ) TOPOLOGY: Un 

( i i ) MOLECULE TYPE: Fotein 

( i i i ) HYPOIHEnCAL: NO 

( V i ) ORIGINAL SOURCE: 

( C ) INDIVIDUAL ISOLATE: CONOPEPITDB <HlOUP 2 FRAGMENT 

( t X )FEAIURE: 

( A ) NAME/KEY: MocfifinWsite 
( B ) LOCXnON: 4 

( D )0THERINP0RMAnON:/w)CE^*\«lKfoXbb]Kli^^ 

( X i ) SEQUENCE DESCRIFTK^: SBQ ID NO-J7: 

Cys Leo Ser Xaa Oly Ser Ser Cyi Scr 
1 3 



( 2 )INP0RMAnONPCM(SBQn>NO:28: 

( i ) SEQUENCE CHARACTERISIICS: 
( A > LENGTH: S annuo acadi 
( B > TYPE: ambo acid 
( D >TOPCHX>GY: tinea 

( i i )MOL£CUL£TYFE:i«]iein 

( 1 i i ) HYPOIHEnCAL: NO 

( V i ) ORICHNAL SOURCE: 

( C ) INDIVIDUAL ISOLATE: CX>NOPEPni»CH(OUP 2 FRAGMENT 

( X i > SEQUENCE DESCRIPTION: SBQ ID NO:2S: 

Tyr Asn Cy» Cy* Arg Scr Cy» A»n 
I 5 



( 2 ) INPORMAnON FOR SEQ ID NO-^: 

( i )SBQUENCXCHARACrERISrnCS: 
( A ) LENOni: 26 aouio acid 
( B ) TYPE: aonno acid 
( D ) TOPOLOGY: Uwar 
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( i i t MOLECULE TYPE: frotein 

( i i i I HYPOTHEnCAL: NO 

( V i I CHUGINAL SOURCE: 

( C > WDSVIDUAL ISOLAIE: SNX-m FIGURE I 

t X i ) SEQUENCE DESOUPTION: SEQ ID NO-J9: 

Cys Lys Oly Lys Oly Ala Pro Cys Arg Lys Tbr Met Tyr Asp Cyt Cys 
1 5 10 15 

Ser Gly Ser Cy< Oly Arg Arg Oty Lyt Cys 
2 0 2 5 

< 2 ) [fn<>i(MAnC»f FOR SEQ ID NO-JO: 

I i ) SEQUENCE CHARACTERISmCS: 
( A ) LENOIH: 27 snino acids 
( B ) TYPE: aonDO acid 
( D ) TOPClX»OY: Haear 

( i i ) MOLECULE TYPE: proteia 

( j i i ) HYPOriHEnCAL: NO 

( V i ) ORIGINAL SOURCE: 

( C ) INDIVIDUAL ISOLATE: SNX-2J6, HGfURE 2 

( z i ) SEQUENCE DESCRlPnON: SEQ ID NO.30: 

Cys Lea Ser Xaa Gly S c j 5«r Cy» Scr Arg Leu Met Tyx Aio Cyi Cyf 
1 3 10 13 

Arg Ser Cyi A»n Pro Tyr Ser Arg Ly» Cy % Arg 
2 0 2 3 

< 2 )INK>RMAnOKPORSBQIDNO-31: 

( i ) SEQUENCE CHARACTERISnCS: 
( A ) LENOIH: 6 mno aads 
i B ) TYPE: mmao acid 
r D ) TCXOtXXSY: hxm 

( i i ) MOLECULE TYPE: i«jttiD 

( i i i } HYPOIHEnCAL: NO 

< V i ) ORIGINAL SOURCE: 

( C )INDrvnXIAL ISOLATE: O^^OPeFllDE GROUP 2 PRACH^fEKI 

( X i ) SEQUENCE D£SCRIFT1C»1: SBQ0>Na31: 

Tyr Set Arg Lyt Cyi Arg 

1 5 

( 2 ) INPQRMAnCM FOR SBQ ID N032: 

( i } SEQUENCE CHARACTERISTICS: 
( A ) LENOIU: 23 ambio acais 
( B ) TYPE: Mmao acid 
( D ) TOPOLOGY: Eiss 

( t i ) MOLECULE TYPE: proicia 

( i i i ) HYPOriHEnCAL: NO 

( V t ) ORKHNAL SOURCE: 

( C ) INDIVIDUAL ISOLAIE: SNX'239, FIGURE 2 

( X i ) SEQUENCE DESCRIFTTON: SBQ ID N032: 

Cyi Lyi Oly Ly» Oly Ala Lyi Cy$ Scr Leo Leo Met Tyr Asp Cy» Cy» 
1 5 10 15 



Tbr Gly Ser Cya Arg Ser Oly Ly« Cy» 
2 0 2 3 
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( 2 ) INPORMXnON FOR SEQ ID NOi33: 

( i ) SEQUENCE CHARACTERlSnCS: 
r A ) LENGTH: 2S «mtno xmS$ 
( D > TVre: aiUDO acid 
( D ) TOKHXX/V: lincv 

( i i ) MOLECULE TYPE: protoD 

( i i i ) HYPOTHETICAL: NO 

( V i ) ORIGINAL SOURCE: 

{ C ) WEtfVlIXIAL ISCXJOE: SNX-199. RGURE 2 

{ X i ) SEQUENCE DESCRIPTION: SEQ ID NO:33: 

Cyi Lyi Gly Ly» Oly Ala Lyi Cyi Set Ala Leo Mei Tyr Asp Cyi Cy» 
1 3 10 15 

Thr Gly Scr Cyt Arg Ser Gly Lyi Cyi 
2 0 2 5 



< 2 ) INFORMATION FOR SEQ ID NO-34: 

{ i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 25 amiDO ackb 
( B ) TYPE: ■moo acid 
( D ) TOPCXXXJY: linear 

( i i ) MOLECULE TYPE: pniceiii 

< t i i ) HYPOTHEnCAL: NO 

( V i ) ORIGINAL SOURCE: 

( C ) INDIVIDUAL ISQLAIB: £NX 240, FIGURE 2 

( i X ) FEATURE: 

( A ) NAME/KEY: Mcxfified^ 
( B > LOCXnON: 1 

( D ) OTHER INPORMAnON: /ootcs "Ibe cytuaat fcskfae 
f iH \ tax acetyl ffou^ 

( X i ) SEQUENCE DESCRIPHON: SEQ ID NO-34: 

Cyi Lyi Gly Lya Gly Ala Lyi Cys Scr Leo Leu Met Tyr Aip Cyi Cyi 
I 5 10 15 

Thr Oly Scr Cyi Arg Ser Oly Lyi Cyi 
2 0 2 5 



( 2 ) INPORMAHON FOR SBQ ID NOJ5: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 25 anuBO acids 
( B ) TTPE: imiDO acid 
( D ) TOPOLOGY: hnwv 

( i i ) MCH.BCULE TYPE: peplkk 

( i i i ) HYPOTHPnCAL: NO 

{ V i ) ORIGINAL SOURCE: 

( C ) INMVIDUAL ISOLATE: SNX-273, FIGURE 2 

f X i ) SEQUENCE CSSCRIFTION: SBQ ID NO:35: 

Cyi Lyi Gly Lyi Oly Ala Lyi Cyi Ser Arg Leo Ala Tyr Aip Cyi Cyi 
» 3 10 15 

Thr Oly Sei Cy» Arg Ser Gly Lyi Cji 
2 0 2 5 



( 2 ) INFORMATION FOR SEQ ID NO-J6: 



( i ) SEQUENCE CHARACTERISTICS: 
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< A ) LENCmi: 25 acuDo Kadi 
i B ) TYre: aanao acid 
( D ) TOPOIXWY: finear 

( i i > MOLECULE TYPE: pqckk 

(III ) HYPCyiHEnCAL: NO 

( V i ) ORIGINAL SOURCE: 

{ C I [NWVIDUAL JSOLAIE: SNX-J79, HOURE 2 

( i I ) FEATURE: 

( A ) NAME/KEY: MocBfied^tite 
f B > LOCXnON: 12 

( D ) OTHER [NPORM^ON: /oot^ *^vfacK X b nilfozy-aieltiioittse** 
( X i ) SEQUENCE DESCRimaH: SEQ ID NO-J6: 

Cyi Ly I Oly Lyt Oly Ata Lyi Cy» Ser Arg Leo Xaa Tyr Asp Cy« Cy» 
I 3 10 15 

Tht Oly Ser Cyi Aig Ser Oly Ly» Cy» 
2 0 2 5 



a is claimed: 5. The fcwnuilation of claim 1, wherein the anti-oxidant 

1. A stable omega conopeptide foimulatioo conq>rising an ^5 conqx)sition includes lactate buffer and methionine, 
omega conopeptide and an anti-oxidant con^)osition capable 6. An omega-conopeptide SNX-273 having die sequence: 
of preventing methionine oxidation. SEQ ID NO: 35. 

2. The formulation of claim 1. wherein die anti-oxidant 7, An omega conopeptide SNX-279 having the sequence 
conqxwition includes a carboxylic acid buffer. SEQ ID NO: 36. 

3. The f cumulation of claim 2. wherein the carboxylic acid ^ 
buffer is lactate buffer. 

4. The formulation of daim 1. wherein the anti-oxidant is 

methionine. ***** 
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Attachment F 



BRIEF DESCRIPTION OF ACTIVITIES 
DURING REGULATORY REVIEW PERIOD FOR PRIALT® 



Date 


Action 


June 30, 1994 


Submission of IND 457 1 8 


July 12, 1994 


FDA Acknovi^ledgment of receipt on July 5, 1994 


August 4, 1994 


IND effective date 


Augusts, 1994 


FDA request for information 


November 21, 1994 


Protocol amendment in response to FDA request of August 5, 
1994 


December 14, 1994 


Received FDA comments on Protocol Amendment 


January 30, 1995 


Protocol amendment adding new investigator 


February 10, 1995 


Protocol amendment adding new investigator 


March 14, 1995 


Submission of Safety Report 


April 7, 1995 


Correspondence to FDA requesting clarification on patient 
population criteria 


May 11, 1995 


Teleconference with FDA 


May 19, 1995 


Protocol revision in response to May 11, 1995 teleconference 


June 15, 1995 


Submission of Safety Report 


August 16, 1995 


Submission of Annual Report 


September 27, 1995 


Request meeting with FDA 


November 1, 1995 


Meeting with FDA 


November 7, 1995 


Submission of additional information to FDA following meeting 
of November 1, 1995 


November 17, 1995 


Submission of November 1, 1995 meeting minutes 


November 30, 1995 


Phone call with FDA discussing protocol design 


December 21, 1995 


Protocol amendment adding new investigator 


January 18, 1996 


Protocol revision and information submitted 


February 1, 1996 


Letter fi-om FDA allowing study to proceed 


February 14, 1996 


Request for meeting to discuss pre-clinical program 


March 8, 1996 


Submission of non-clinical background 


April 11, 1996 


Protocol amendment adding new investigator 


May 1, 1996 


Phone call with FDA 


May 23, 1996 


Phone call with FDA 


June 24, 1996 


Protocol amendment adding new investigator 


July 10, 1996 


New protocol submission 


July 23, 1996 


New protocol submission 


August 12, 1996 


Letter fi-om ODER referencing July 23, 1996 letter 


September 12, 1996 


Letter to FDA in response to August 12, 1996 letter 


October 9, 1996 


Information amendment - chemistry and microbiology 


October 28, 1996 


Annual Report submitted 


November 8, 1996 


Protocol amendment adding new investigator 


December 5, 1996 


Pharmacology/Toxicology information submitted 


January 9, 1997 


Protocol amendment adding new investigator 


January 23, 1997 


Phone call with FDA in preparation for March Advisory 
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Date 


Action 




Committee meeting 


January 30, 1997 


Letter from FDA proposing questions for the Advisory 
Committee meeting 


February 13, 1997 


Protocol amendment adding new investigator 


February 22, 1997 


FDA request for pharmacology information 


March 19, 1997 


Submission to FDA in response to letter of February 22, 1997 


April 25, 1997 


Submission of official transcript of Advisory Committee Meeting 


May 16, 1997 


Protocol amendment adding new investigators 


June 30, 1997 


Protocol amendment adding new protocol 


July 21, 1997 


Protocol amendment adding new investigator 


August 15, 1997 


New protocol submitted: A Multicenter, Phase II, Placebo- 
Controlled Pilot Study of SNX-1 1 1 for epidural administration 


September 25, 1997 


Protocol amendment adding new investigators 


Octobers, 1997 


Submission of Annual Report covering September 1996 through 
June 1997 


November 18, 1997 


Submission of Final Report on Study 94-004-02 


December 23, 1997 


Phone call from FDA requesting information on protocols 


January 13, 1998 


Letter to FDA in response to phone call of December 23, 1997 


January 22, 1998 


Letter to FDA requesting meeting to discuss results of interim 
analysis for Protocol 96-002 


Februarys, 1998 


Phone call to FDA requesting status of meeting request made on 
January 22, 1998 


February 26, 1998 


Protocol amendment adjusting sample size 


March 13, 1998 


Phone call from FDA indicating that letter is being drafted 


April 1, 1998 


Letter from FDA referring to submissions of January 22 and 
February 26, 1998 


April 10, 1998 


Phone call from FDA requesting additional information on 
Protocols 96-002 and 95-002 


April 13, 1998 


Response to FDA request of April 10, 1998 for information 


May 22, 1998 


Response to FDA request for information with supplemental 
background material for FDA meeting 


June 18, 1998 


Phone call from FDA confirming July 23, 1998 meeting 


July 23, 1998 


Meeting with FDA 


August 18, 1998 


Submission of meeting minutes from July, 23, 1998 


September 28, 1998 


Submission of telephone minutes of call on September 23, 1998 


Novembers, 1998 


Protocol amendment adding new investigator 


November 18, 1998 


Letter from FDA requesting information 


December 1, 1998 


Letter to FDA in response to November 18, 1998, request for 
information 


December 14, 1998 


Phone conference with FDA regarding toxicology studies 


January 7, 1999 


Letter to FDA informing of name change from Neurex to Elan 
Pharmaceuticals, Inc. 


January 20, 1999 


Letter from FDA acknowledging receipt of correspondence and 
requesting meeting to clarify pharm/tox issues 
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Date 


Action 


January 28, 1999 


Teleconference with FDA regarding pharm/tox issues 


January 29, 1999 


Request for teleconference with FDA to follow up with issues 
raised in January 28, 1999 call 


Februarys, 1999 


Letter from FDA acknowledging request for meeting 


February 16, 1999 


Teleconference with FDA discussing safety issues and 
requirements for NDA 


March 7, 1999 


Submitted response to FDA request for information 


March 18, 1999 


Letter from FDA with minutes from telephone conference on 
February 16, 1999, and scheduling meeting for April 8, 1999 


Aprils, 1999 


Letter to FDA regarding pre-ND A meeting topics 


April 8, 1999 


Pre-NDA meeting with FDA 


April 16, 1999 


Letter from FDA requesting a teleconference to discuss 
carcinogenicity 


April 22, 1999 


Teleconference with FDA per request of April 16, 1999 


May 17, 1999 


Received copy of minutes from FDA of meeting on April 8, 1999 


May 21, 1999 


Received copy of minutes from FDA of meeting on April 22, 
1999 


June 17, 1999 


Submission of background document on Chemistry, 
Manufacturing and Control information 


June 22, 1999 


FDA letter requesting study data be made available during NDA 
review 


July 14, 1999 


Information amendment submitting revised Investigator's 
Brochure 


July 17, 1999 


Submitted response to FDA request for information of April 8, 
1999 pre-ND A meeting 


August 2, 1999 


Per FDA request, submission of summary of correspondence 
received from FDA 


September 28, 1999 


Submitted final protocol for Syrian Hamster Embryonic (SHE) 
cell transformation assay 


October 8, 1999 


Annual Report covering August 1, 1998, through August 27, 
1999, submitted 


November 16, 1999 


Submitted overall table of clinical studies as requested by FDA 


December 14, 1999 


FDA letter discussing review of SHE cell assay 


December 28, 1999 


Full submission of NDA 21-060 


January 10, 2000 


FDA acknowledge receipt of NDA on December 28, 1999 


February 7, 2000 


Protocol amendment increasing enrollment of study patients 


March 3, 2000 


Protocol amendment adding new investigator 


April 4, 2000 


FDA clinical request for information to continue evaluation of 
NDA 


April 6, 2000 


Submitted response to FDA request of April 4, 2000 


May 16, 2000 


Protocol amendment updating investigator information 


June 8, 2000 


Submitted sample label to FDA 


June 27, 2000 


Appro vable Letter for NDA 21-060 received from FDA 


June 30, 2000 


Response to FDA Approvable Letter of intent to address 
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Date 


Action 




deficiencies set forth therein 


July 25, 2000 


Letter from FDA acknowledging receipt of NDA correspondence 
and meeting request 


August 15, 2000 


Protocol Amendment with new and updated investigators 


September 29, 2000 


Response to FDA request for information regarding Approvable 
Letter of June 27, 2000 


October 13, 2000 


Submission of safety and efficacy data for NDA 


November 7, 2000 


Letter fi-om FDA regarding review of submissions dated 
September 21, 2000 and October 13, 2000 


November 29, 2000 


Submission of proposed trademark 


December 28, 2000 


Letter from FDA regarding the Investigator's Brochure 


January 26, 2001 


Submission of NDA amendment 


February 2, 2001 


Submission of Annual report covering August 28, 1999 through 
July 31, 2000 


March 28, 2001 


Submission of investigator update for Protocols 95-002 and 98- 
022 


April 4, 2001 


FDA request for information regarding data 


April 26, 2001 


Response to April 4, 2001, FDA request for information 


May 1,2001 


FDA letter accepting PRIALT as tradename 


June 6, 2001 


Protocol amendment with investigator update 


July 25, 2001 


FDA Approvable letter of marketing application 


August 3, 2001 


Letter to FDA with intent to respond to issues in Approvable 
Letter of July 25, 2001 


September 6, 2001 


Letter from FDA requesting information 


September 17, 2001 


Letter to FDA requesting end of review meeting 


October 2, 2001 


Letter from FDA acknowledging meeting request 


November 20, 2001 


Submission of briefing package for December 3, 2001 meeting 


December 3, 2001 


Meeting with FDA 


December 18, 2001 


Received minutes from December 3, 2001 meeting 


December 20, 2001 


Annual Report covering August 1, 2000 through July 31, 2001 


January 9, 2002 


Letter from FDA setting Chemistry, Manufacturing and Control 
meeting for February 27, 2002 


February 27, 2002 


Meeting with FDA 


March 8, 2002 


Submitted copies of slides presented in February 27, 2002 
meeting 


April 4, 2002 


Submitted new protocol and new investigator 


May 10, 2002 


Phone call from FDA responding to request for status update 


June 25, 2002 


Submission of safety report 


July 29, 2002 


Letter from FDA requesting information 


August 21, 2002 


Submission of Protocol Amendment 


September 4, 2002 


Submission of new investigators 


October 7, 2002 


Letter to FDA in response to request for information of July 29, 
2002 


November 1,2002 


Protocol Amendment adding new investigator 
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Date 


Action 


December 3, 2002 


Response to FDA Approvable Letter of July 25, 2001 addressing 
questions 


January 28, 2003 


Annual Report covering August 1, 2001 through July 31, 2002 


February 20, 2003 


Submission of pre-NDA meeting package for meeting on March 
25, 2003 


March 25, 2003 


Meeting with FDA 


April 17, 2003 


Protocol Amendment 


May 2, 2003 


Submission of response to pre-NDA meeting of March 25, 2003 


June 4, 2003 


Letter from FDA commenting on clinical protocol 


July 25, 2003 


Teleconference with FDA discussing teratology study 


August 7, 2003 


Letter from FDA scheduling meeting for September 12, 2003 


September 12, 2003 


Meeting with FDA 


October 7, 2003 


Letter from FDA with minutes of September 12, 2003 meeting 


November 19, 2003 


Annual Report for August 1, 2002 through July 31, 2003 


December 11,2003 


Protocol Amendment 


January 30, 2004 


Protocol Amendment 


March 26, 2004 


Protocol Amendment with investigator update 


April 27, 2004 


Protocol Amendment with investigator update 


May 28, 2004 
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